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Should be administered with caution due to the importance of these organs in the metabolism and excretion 





ee ee: ee a ee 


As safe _ 

as albumin or PPF 

In comparative clinical studies, platelet 
counts, hematocrits, serum fibrinogen 
levels, prothrombin times (PT), and 
partial thromboplastin times (PTT) 
seen with Hespan were comparable to 
those seen with albumin or plasma 
protein fraction (PPF). +? 

Other studies demonstrate that 
when any reduction in platelet count 
or prolongation of PT or PTT does 
occur with Hespan, no increased 
bleeding results, even in patients with 
multiple trauma.*° As with any volume 
expander, patients should be moni- 
tored for excessive hemodilution of 
coagulant factors or circulatory over- 
load when large volumes are 
administered. 

When Hespan-treated patients 
were monitored to detect localized or 


systemic sepsis, there was no evi- 
dence of a decrease in their ability to 
ward off infection or combat an estab- 
lished infection.” 

Hespan is nonantigenic and, as 
with blood-derived colloids, any risk of 
allergic reaction is minimal Hespan 
also has a negligible effec™ on sub- 
sequent blood typing cr cross- 
matching. i 


As effective - 


as albumin or PPF 
Comparative clinical stucies have 
repeatedly demonstrated that Hespan 
is as effective as albumin er PPF in 
postoperative myocardial revasculari- 
zation, * and hemorrhagic, raumatic, 
or septic shock. * 





No significant differences betwee: 
Hespan and albumin or PPF wer 
noted in any efficacy parameter. > 
Hespan effectively maintained colloi 
osmotic pressure, restored plasma vo 
ume, and improved cardiac outpt 
and renal function in hypovolem| 
patients! °’ And, the volume-expandir 
effect of a single infusion of Hespa 
can persist for 24 hours or longer. 


Half the price 
of albumin or PPF 


Hespan offers a potential savings ° 
your hospital of tens of thousands | 
dollars a year. 


For additional information, conta 
the Medical Services Departmen 
Du Pont Critical Care, 1600 Waukegs 
Road, Waukegan, IL 60085. Phor 


1-800-323-4980. 
| i 


(hetastarch 


Lifesaving, 
moneysaving 








Du Pont Critical Care, Inc. 


Please see references and brief summary of 
prescribing information on following page. 


References: L Diehl! JT, Lester JL. Cosgrove M Clinical 
comparison of hetastarch and albumin in 


sate Oe 
945, 1983. 3. Kirklin JK, Lel WA, Kouchoukos NT: 
a. rita versus albumin maton as Infusion inane 
cA monary m sun ad 
revascularization. aE abe 


a eae Whe indore caret 
resuscitation of with ub pede oy 


‘patients hypovolemia 
Care Med 9 (12}:833-837, 1981. a Sana CHL, Deepka K, 
Mittelo PR, et al: Efficacy of hetastarch Inthe resuscitatton 
of patients with multisystem trauma and shock Arch Surg 
118:804-809, 1983. 6, Daniels MJ, Strauss RG, Smith-Floss AM 


Serie hydrox starch on rasnon ERSA Eh and 


circulatory shock: A comparison of the cardiorespiratory * 
effects Seige hetastarch, and saline solutions in 
patients with hypovolemic and septic shock Crit Care Med 
11{11}:839-850, 1983. 


HESPAN (retastarch} 


6% Hetastarch in 0.9% Sodium Chloride 
injection 


CONTRAINDICATIONS 

Hetastarch is contraindicated in patients with severe 

bi disorders or with severe congestive cardiac and 
renal failure with oliguria or anuria. 

WARNINGS 


Large volumes may alter the coagulation mechanism. Thus, 
administration of hetastarch may result in transient prolon- 
gation of prothrombin, partial thromboplastin and clotting 
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should also be alert to the lity of transient prolonga- 
tion of bleeding time.. 
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Predictable control for longer, more streśsful procedures 


PROVIDES smooth induction’ 


BLUNTS hemodynamic response tb intubation 
and surgical stimulation’ 


REDUCES need for vasoactive drugs in 
the intraoperative and postoperative periods’ 


RESULTS in lower postoperative morbidity after 


aortic surgery compared with isof 


rane’ 


(in a randomized study comparing sufentanil and isoflurane) 


CONVENIENT: Fewer ampoules t) open 


of SUFENTA. 


Carcinogenesis, Mutagenesis and Impairment of Fertility: No long-term animal studies of SUFENTA 
have been performed to evaluate carcinogenic potential. The micronucleus test in female rats revealed that 
single intravenous doses of SUFENTA as high as 80 pg/kg (approximately 2.5 times the upper human dose) 
produced no structural chromosome mutations. The Ames Sa/monella typhimurium metabolic activating 
test also revealed no mutagenic activity. See ANIMAL TOXICOLOGY for reproduction studies in rats and rabbits 


Pregnancy Category C: SUFENTA has been shown to have an embryocidal effect in rats and rabbits when 
given in doses 2.5 times the upper human dose for a period of 10 days to over 30 days. These effects were 
most probably due to maternal toxicity (decreased food consumption with increased mortality) following 


prolonged administration of the drug. No evidence of teratogenic effects have been observed after administra- 
tion of SUFENTA in rats or rabbits. There are no adequate and well-controlled studies in pregnant women. 


SUFENTA should be used during pregnancy only if the potential benefit justifies the potential risk to the fetus. 


Labor and Delivery: There are insufficient data to support the use of SUFENTA in labor and delivery. 
Therefore, such use is not recommended. 


Nursing Mothers: It is not known whether this drug is excreted in human milk. Because many drugs are 
excreted in human milk, caution should be exercised when SUFENTA is administered to a nursing woman. 


Pediatric Use: The safety and efficacy of SUFENTA in children under two years of age undergoing cardio- 


vascular surgery has been documented in a limited number of cases 


Animal Toxicology: The intravenous Bes of SUFENTA is 16.8 to 18.0 mg/kg in mice, 11.8 to 13.0 mg/kg in 
guinea pigs and 10.1 to 19.5 mg/kg in dogs. Reproduction studies performed in rats and rabbits given doses of 
up to 2.5 times the upper human dose for a period of 10 to over 30 days revealed high maternal mortality rates 


due to decreased food consumption and anoxia, which preclude any meaningful interpretation of the results. 


ANVFERSF REACTINNG: The mnst cnmmnn adverse reartinns nf nninids are resniratory denression and 


Dermatological: itching, erythema 
Central Nervous System: chills 
Miscellaneous: intraoperative muscle movement 


Cardiovascular: tacrycardia, arrhythmia 
Gastrointestinal: nausea, vomiting 
Respiratory: apnea, postoperative respiratory 
depression, bronchaspas 

DRUG ABUSE AND DEPENDENCE: SUFENTA (sufentanil citrate) is a Schedule |I controlled drug substance 
that can produce drug depemdence of the morphine type and therefore has the potential for being abused 


OVERDOSAGE: Overdosagewould be manifested by an extension of the pharmacological actions of SUFENTA 
(see CLINICAL PHARMACD®OGY) as with other potent opioid analgesics. However, no experiences of over- 
dosage with SUFENTA have jeen established during clinical trials. The intravenous LDso of SUFENTA in male 
rats is 9.34 to 12.5 mg/kg (se ANIMAL TOXICOLOGY for LDsos in other species). Intravenous administration 
of an opioid antagonist suc’ as naloxone should be employed as a specific antidote to manage respiratory 
depression. The duration of respiratory depression following overdosage with SUFENTA may be longer than 
the duration of action of the opioid antagonist. Administration of an opioid antagonist should not preclude 
more immediate countermeasures. In the event of overdosage, oxygen should be administered and ventilation 
assisted or controlled as ine cated for hypoventilation or apnea. A patent airway must be maintained, and a 
nasopharyngeal airway or endotracheal tube may be indicated. If depressed respiration is associated with 
muscular rigidity, @neuromescular blocking agent may be required to facilitate assisted or controlled respira- 
tion. Intravenous fluids and vasopressors for the treatment of hypotension and other supportive measures 
may be employed 


DOSAGE AND ADMINISTBATION: The dosage of SUFENTA should be individualized in each case according 
to body weight, physical stetus, underlying pathological condition, use of other drugs, and type of surgical 
procedure and anesthesia. A obese patients (more than 20% above ideal total body weight), the dosage of 
SUFENTA should b2 determmed on the basis of lean body weight. Dosage should be reduced in elderly and 
debilitated patients (see PRI CAUTIONS) 
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Model 500 Pulse Oximeter 





The Technology 





The Source 


EE OXYGEN SATURATION Sa02% 


When pulse oximetry- measuring - 
the percentage of O, saturatior of arte- 
rial blood—is the technology o. choice, 
the choice is Novametnix: Accurate and 
reliable, the Model 500 Pulse Cximeter 
is simpler to apply, easier to use than 
the others. It provides accurate, reliable 
early warning of hypoxemia— te early 
warning you need to respond 
effectively. 

The Model 500 needs no werm-up 
time, and sets up fast. Just apply the 
sensor. turn it on, and you're @ady to 
go. The alert limits you select are 
retained in memory, and are aways 
visible. The large, easy-to-reac displays 
are enhanced with a separate pulse 
amplitude bar graph. And there's a 
pulse tone which changes pitan to 
reflect SaO; changes. A programmed 
message center allows you to modify 
all settings retained in memore 

Any monitor is only as goo# as its 
sensors. The leader in sensor technol- 


PULSE OXIMETER 





ogy? Novametrix! A variety of trouble- 
free sensors are available for virtually 
every patient application. And they're 
reusable for greater cost effectiveness. 

Small and lightweight, the Model 
500 can run up to 10 hours on a single 
battery recharge, and is easily used at 
bedside, or in transport. 

Novametrix has been out front 
among system manufacturers for 
nearly a decade, and is the only com- 
pany that manufactures all three types 
of continuous 0./CO, monitoring Sys- 
tems—Pulse Oximeter for Sa0,, Trans- 
cutaneous for 0./CO, and End Tidal for 
C0.. Choose the leader. Choose the 
Novametrix Model 500 Pulse Oxime- 
ter—the accurate, reliable early warnin 
system. Call us toll-free at 1-800-243- 
3444. Or write Novametnx Medical 
Systems, Inc., 1 Barnes 
Industrial Park Road, P.O. 

Box 690, Wallingford, L 
CT 06492. x 
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INTERNATIONAL ANESTHESIA RESEARCH SOCIETY 


61st CONGRESS - MARCH 14-18, 1987 
Buena Vista Palace Hotel, Lake Buena Vista (Orlando), Florida 


PRELIMINARY MEETING INFORMATION 


PROGRAM / REGISTRATION / HOTEL INFORMATION: Will be mailed in mid-December to all IARS members. (I[ARS members out- 
side of North America who plan to attend the meeting can rgceive this material by airmail upon request.) Non-IARS members should 
request information from the Cleveland Office: 3645 Warrensville Center Road. Cleveland. Ohio 44122. Telephone: (216) 295-1124. 


MEETING SCHEDULE: Registration: Saturday, March 14, 1-6 pm (continues daily) 
Scientific Program: Sunday, March 15 through Wednesday, March 18 
Exhibits: Sunday, March 15 through Tuesday, March 17 


SCIENTIFIC PROGRAM 


T.H. Seldon Distinguished Lecture: 
John W. Severinghaus. MD-“The History of Oximetry” 


REVIEW COURSE LECTURES: 


Jeffrey L. Apfelbaum, MD Patricia A. Kapur, MD Paul N. Samuelson, MD 
Paul G. Barash, MD Richard S. Maiteo, MD John J. Savarese, MD 
Frederic A. Berry Jr. MD Richard L. McCammon, MD Petter A. Steen, MD 
D. Ryan Cook, MD Edward D. Miller Jr. MD Stephen J. Thomas, MD 
Benjamin G. Covino, MD Ronald D. Miller, MD John H. Tinker, MD 
Edmond I. Eger Il. MD Walter S. Nimmo, MD Robert W. Vaughan, MD 
Mieczyslaw Finster, MD Donald S. Prough, MD Richard B. Weiskopf, MD 
Betty L. Grundy, MD J. Gerald Reves, MD Paul F. White. MD 
Michael F. Roizen, MD 

PANEL: Standards of Care PANEL: Anesthesia Equipment 
Frederick W. Cheney. MD John H. Andrews, MD 
John H. Eichhorn, MD Forrest W. Fox, MSEE 
Burton S. Epstein. MD Betty L. Grundy, MD 
William K. Hamilton, MD A. William Paulsen, PhD 
Bruce F. Cullen, MD John T. Martin, MD 


136 Scientific Papers... 55 Scientific Pøsters. .. Scientific Exhibits... Theme Luncheons 
Board Examinations in Anesthesiology: American Board of Anesthesiology Panel Discussion 
Technical (Commercial) Exhibits - Product Seminars: Exhibitor-sponsored morning briefings 


REGISTRATION © CME CREDIT ¢ AIR TRAVEL e HOTELS 


FEES: IARS Members $175 ($200 on site) 
IARS Educational Members NO FEE 
Non-Members $350 ($400 on site) 
Non-Member Residents $50 (with certifying letter) 


CME CREDIT: ACCME/AMA: Category 1-31 hours 


SPECIAL AIR FARES: United and Delta Airlines, in cooperation with the IARS, will provide reduced rates for round-trip travel to Orlando. 


Full details will be included in the preliminary program mailing or can be obtained by calling the following numbers (8 am to 8:30 pm EST 
daily) and referring to IARS meeting and code numbers shown. 


Delta: 1-800-241-6760 — File No. P-0095. UAL: 1-800-521-4041 — Acct. No. 7015-H 


HOTELS: The Buena Vista Palace and the Royal Village co-host hotel are situated in Walt Disney World Village and provide complimentary 


bus service to the Magic Kingdom and Epcot Center. Discounted 3- or 4-day passes will be available to IARS registrants and guests. Hotel 
rates are seasonally competitive, and one rate covers from single to quad occupancy. 


No Rooms for Error 











CAPNOGARD 1250 End Tidal CO, Monitor 


The Technology 


The Source 





In the operating room and the inten- 
sive care unit, performance counts. 
And you can count on the/Novemetrix 
CAPNOGARD 1250 End Tidal C9), Mon- 
itor for reliable, sophisticated perform- 
ance. It's so simple to use! 

Finally, an end tidal CO. monitor that 
doesn't demand constant, complicated 
calibration. Calibration is easy, and 
needs to be checked only twiee a 
year. Novametrix’ exclusive auro-zero- 
ing system assures total accurecy. Just 
turn on the monitor, and in twa min- 
utes, you're set to go. 

Traditionally, condensation problems 
have plagued end tidal monitors. But 
not Novametnix. Our exclusive Jehu- 
midification interface kit eliminates 
troublesome water traps. But should 
cleaning ever be necessary, the sample 
cell is easily accessible from the front 
panel. 

Sophisticated electronics am fea- 
tures like large LED readouts ard con- 
tinuously displayed End Tidal C9, 


NOVAMETRIX 


values meet the toughest professional 
demands. One-button alarm, alert 
reset and two-minute silence functions 
were designed with the OR and ICU in 
mind. To provide a waveform display, 
the CAPNOGARD 1250 is easily inter- 
faced with the physiological monitor 
in the OR, or to the optional Novatracer 
Recorder 350 in the ICU. 

Novametnix has been out front 
among system manufacturers for 
nearly a decade, and is the only com- 
pany that manufactures all three types 
of continuous 0./CO, monitoring Sys- 
tems—End Tidal for CO.,, Pulse Oxim- 
eter for SaO, and Transcutaneous for 
0./CO.. Choose the leader. Choose the 
Novametrix CAPNOGARD 1250 End 
Tidal Monitor—when there's no room 
for error. Call us toll-free at 1-800-243- 
3444. Or write Novametrix 
Medical Systems, Inc., 

1 Barnes Industrial Park 
Road, P.O. Box 690, 
Wallingford, CT 06492. 









For outpatient anesthesia 





Rapid 


Well-suited to the rapid turnover of outpatient 
cases, the low solubility of isoflurane in blood 
and tissue (only that of nitrous oxide is lower) 
enables you to quickly adjust the level of anes- 
thesia to patient and surgical requirements. 
Following anesthesia, a rapid washout and 
prompt recovery provide for your early patient 
assessment. Patient alertness and cooperation 
can facilitate handling in the outpatient setting. 


Complete 


Without any other agent or premedicant, 
isoflurane provides every action required for 

a complete anesthetic, on a closely controlled, 
breath-by-breath basis: unconsciousness, 
surgical analgesia, amnesia, and good surgical 
muscle relaxation—a useful advantage for 
laparoscopies and orthopedic work, and one 
that begins when the anesthetic begins and 
ends with elimination of the anesthetic, thereby 
decreasing the risk of residual paralysis in 

the PAR. 

Because isoflurane is a complete anesthetic 
when given alone in oxygen or room air, nitrous 
oxide can be eliminated if you choose. Isoflurane 
anesthetics are seldom complicated and pro- 
longed by postoperative nausea and vomiting. 
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Excellent Safety Profile 


Stability of heart rhythm and good cardiac 
output are notable features of an isoflurane 
anesthetic. CNS excitation does not occur at 
any concentration or PaCO, level. Virtually 
100% of isoflurane is exhaled unchanged from 
the patient (only 0.17% of the isoflurane taken 
up is recovered as metabolites). This near 
absence of metabolic by-products all but 
assures an absence of hepatic or renal toxicity 
from metabolism. 
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For outpatient anesthesia 


A F ORAN E (isofturane. USP) 


Rapid...Complete...Excellent Safety Profile 
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CAUTION: Federal Law Prohibits Dispensing without Prescnption 


DESCRIPTION 


FORANE (isoflurane, USP) a nonflammable liquid administered by vaponzing, is a general 
inhalation anesthetic drug. It is 1-chloro-2,2,2-tr:fluoroethy] difluoromethy! ether, and 
its structural formula is 


| | | 
F—C—C—O—C—H 
ia. | 


F Cl F 


Some physical constants are 
Molecular weight 1845 
Boiling point at 760 mm Hg 485 °C (uncorr) 


Refractive index ago 1 2990-1.3005 


Specific gravity 25 °/25 °C 1 496 
Vapor pressure in mm Hg** 20 °C 238 
25 °C 295 
30 °C 367 
35 °C 450 


**Equation for vapor pressure calculation 


B 
log y9P = A += where A = 8056 
= T B = - 166458 
T = °C + 273.16 (Kelvin) 


Partition coefficients at 37 °C 


Water/gas 061 
Blood/gas 1.43 
Olgas 908 
Partition coefficients at 25 °C - rubber and plastic 
Conductive rubber/gas 62.0 
Butyl rubber/gas 75.0 
Polyvinyl chlonde/gas 110.0 
Polyethylene/gas ~2.0 
Polyurethane/gas ~14 
Polyolefin/gas ~11 
Buty! acetate/gas ~25 
Purity by gas chromatography >999% 
Lower limit of flammability in oxygen or 
nitrous oxide at 9 joules/sec. and 23 °C None 


Lower limit-of flammability in oxygen or Greater than useful 

nitrous oxide at 900 joules/sec. and 23 °C concentration in anesthesia 
Isoflurane is a clear, colorless, stable liquid containing no additives or chemical stabilizers 
Isoflurane has a mildly pungent, musty, ethereal odor Samples stored in indirect sunlight 
in clear, colorless glass for five years, as well as samples directly exposed for 30 hours 
to a 2 amp, 115 volt, 60 cycle long wave UV. light were unchanged in composition as 
determined by gas chromatography. Isoflurane in one normal sodium methmade-methanol 
solution, a strong base, for over six months consumed essentially no alkali, indicative 
of strong base stability Isoflurane does not decompose in the presence of soda lime, 
and does not attack aluminum, tin, brass, iron cr copper 


CLINICAL PHARMACOLOGY 


FORANE (isoflurane, USP) is af inhalation anesthetic The MAC (minimum alveolar 
concentration) in man ıs as follows 








Age 100% Oxygen 70% NaO 
26 + 4 128 056 
4447 115 č - 0.50 
6445 1.05 037 


Induction of and recovery from isoflurane anesthesia are rapid Isoflurane has a mild 
pungency which hmits the rate of induction. although excessive salivation or 
tracheobronchial secretions do not appear to be stimulated Pharyngeal and laryngeal 
reflexes are readily obtunded. The level of anesthesia may be changed rapidly with 
isoflurane. Isoflurane is a profound respiratory depressant RESPIRATION MUST BE 
MONITORED CLOSELY AND SUPPORTED WHEN NECESSARY As anesthetic dose is 
increased, tidal volume decreases and respiratory rate is unchanged. This depression 
is partially reversed by surgical stimulation, even at deeper levels of anesthesia Isoflurane 
evokes a sigh response reminiscent of that seen with diethyl ether and enflurane, 
although the frequency is less than with enflurane 

Blood pressure decreases with induction of anesthesia but returns toward normal with 
surgical stimulation, Progressive increases in depth of anesthesia produce corresponding 
decreases in blood pressure. Nitrous oxide diminishes the inspiratory concentration of 
isoflurane required to reach a desired level of anesthesia and may reduce the arterial 
hypotension seen with isoflurane alone. Heart rhythm is remarkably stable With 
controlled ventilation and norma! PaCO,j, cardiac output is maintained despite increasing 
depth of anesthesia primarily through an increase in heart rate which compensates for 
a reduction in stroke volume. The hypercapnia which attends spontaneous ventilation 
during isoflurane anesthesia further increases heart rate and raises cardiac output above 
awake levels. Isoflurane does not sensitize the myocardium to exogenously administered 
epinephrine in the dog Limited data indicate that subcutaneous injection of 0.25 mg 
of epinephrine (50 mL of 1:200,000 solution) does not produce an increase 1n ventricular 
arrhythmias in patients anesthetized with isoflurane 

Muscle relaxation is often adequate for intra-abdominal operations at normal levels of 
anesthesia. Complete muscle paralysis can be attained with small doses of muscle 
relaxants) ALL COMMONLY USED MUSCLE RELAXANTS ARE MARKEDLY 
POTENTIATED WITH ISOFLURANE, THE EFFECT BEING MOST PROFOUND WITH THE 
NONDEPOLARIZING TYPE. Neostigmine reverses the effect of nondepolarizing muscle 
relaxants in the presence of isoflurane All commonly used muscle relaxants are 
compatible with isoflurane 

Pharmacokinetics: Isoflurane undergoes minimal! biotransformation in man In the 
postanesthesia period, only 0.17% of the isoflurane taken up can be recovered as unnary 
metabolites. 


INDICATIONS AND USAGE 

FORANE (isoflurane, USP) may be used for induction and maintenance of general 
anesthesia. Adequate data have not been developed to establish its application in 
obstetrical anesthesia 

CONTRAINDICATIONS 

Known sensitivity to FORANE (isoflurane, USP) or to other halogenated agents 
Known or suspected genetic susceptibility to malignant hyperthermia 


WARNINGS 

Since levels of anesthesia may be altered easily and rapidly, only vaponzers producing 
predictable concentrations should be used. Hypotension and respiratory depression 
increase as anesthesia is deepened 
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Increased blood loss comparable to that seen with halothane has been observed in 
patients undergoing abortions 

FORANE (isoflurane, USP) markedly increases cerebral blood flow at deeper levels of 
anesthesia. There may be a transient rise in cerebral spinal fluid pressure which is fully 
reversible with hyperventilation 


PRECAUTIONS 

General: As with any potent general anesthetic, FORANE (isoflurane, USP) should only 
be administered in an adequately equipped anesthetuzing environment by those who 
are familar with the pharmacology of the drug and qualified by training and experience 
to manage the anesthetized patient 

Information to Patients: Isoflurane, as well as other general anesthetics, may cause a 
slightgiecrease in intellectual function for 2 or 3 days following anesthesia. As with other 
anesthetics, small changes in moods and symptoms may persist for up to 6 days after 
admunistration 

Laboratory Tests: Transient increases in BSP retention, blood glucose and serum 
creatinine with decrease in BUN, serum cholestero! and alkaline phosphatase have been 
observed 

Drug Interactions: Isoflurane potentiates the muscle relaxant effect of all muscle 
relaxants, most notably nondepolarizing muscle relaxants, and MAC (minimum alveolar 
concentration) is reduced by concomitant administration of N,O 

See CLINICAL PHARMACOLOGY 

Carcinogenesis: Swiss ICR mice were given isoflurane to determine whether such 
exposure might induce neoplasia Isoflurane was given at 1/2, 1/8 and 1/32 MAC for four 
in-utero exposures and for 24 exposures to the pups during the first nine weeks of life 
The mice were killed at 15 months of age. The incidence of tumors in these mice was 
the same as in untreated contro! mice which were given the same background gases, 
but not the anesthetic 

Pregnancy Category C: Isoflurane has been shown to have a possible anesthetic-related 
fetotoxic effect in mice when given in doses 6 times the human dose. There are no 
adequate and well-controlled studies in pregnant women. Isoflurane should be used 
dunng pregnancy only if the potential benefit justifies the potential risk to the fetus 
Nursing Mothers: lt is not known whether this drug is excreted in human milk Because 
many drugs are excreted in human milk, caution should be exercised when isoflurane 
is administered to a nursing woman 

Malignant Hyperthermia: In susceptible individuals, isoflurane anesthesia may tngger 
a skeletal muscle hypermetabolic state leading to high oxygen demand and the clinica! 
syndrome known as malignant hyperthermia The syndrome includes nonspecific 
features such as muscle ngidity, tachycardia, tachypnea, cyanosis, arrhythmias, and 
unstable blood pressure (It should also be noted that many of these nonspecific signs 
may appear with light anesthesia, acute hypoxia, etc) An increase in overal] metabolism 
may be reflected in an elevated temperature (which may rise rapidly early or late in the 
case, but usually is not the first sign of augmented metabolism) and an increased usage 
of the CO, absorption system (hot canister). PaO, and pH may decrease, and hyperkalemia 
and a base deficit may appear Treatment includes discontinuance of triggering agents 
(eg . isoflurane), administration of intravenous dantrolene sodium, and application of 
supportive therapy Such therapy includes vigorous efforts to restore body temperature 
to normal, respiratory and circulatory support as indicated, and management of 
electrolyte-fluid-acid-base derangements. (Consult prescribing information for dantrolene 
sodium intravenous for additional information on patient management ) Renal failure 
may appear later, and urine flow should be sustained if possible 


ADVERSE REACTIONS 

Adverse reactions encountered in the administration of FORANE (isoflurane, USP) are 
in general dose dependent extensions of pharmacophysiologic effects and include 
respiratory depression, hypotension and arrhythmias 

Shivering, nausea, vomiting and ileus have been observed in the postoperative period 
As with all other general anesthetics, transient elevations in white blood count have 
been observed even in the absence of surgical stress 


See PRECAUTIONS for information regarding malignant hyperthermia 
OVERDOSAGE 


In the event of overdosage, or what may appear to be overdosage, the following action 
should be taken 

Stop drug administration, establish a clear airway and initiate assisted or controlled 
ventilauon with pure oxygen 


DOSAGE AND ADMINISTRATION 
Premedication: Premedication should be selected according to the need of the individual 
patient, taking into account that secretions are weakly stimulated by FORANE 
(isoflurane, USP) and the heart rate tends to be increased The use of anucholinergic 
drugs is a matter of choice 
Inspired Concentration: The concentration of isoflurane being delivered from a vaponzer 
during anesthesia should be known. This may be accomplished by using 
a) vaponzers calbrated specifically for isoflurane. 
b) vapornzers from which delivered flows can be calculated, such as vaponzers 
delivering a saturated vapor which ıs then diluted The delivered concentration 
from such a vaporizer may be calculated using the formula 


100 Py Fy 
Fr (Pa - Py) 
where P, = Pressure of atmosphere 
Py = Vapor pressure of isoflurane 


Fy = Flow of gas through vaponzer (mL/min) 
Fp = Total gas flow (mL/min) 


% isoflurane = 


Isoflurane contains no stabilizer. Nothing in the agent alters calibration or operation of 
these vaponzers 

Induction: Induction with isoflurane in oxygen or in combination with oxygen-nitrous 
oxide mixtures may produce coughing, breath holding. or laryngospasm. These 
difficulues may be avoided by the use of a hypnotic dose of an ultra-short-acting 
barbiturate. Inspired concentrations of 15 to 3.0% isoflurane usually produce surgical 
anesthesia in 7 to 10 minutes 

Maintenance: Surgical levels of anesthesia may be sustained with a 10 to 25% 
concentration when nitrous oxide is used concomitantly. An additional 0.5 to 10% may 
be required when isoflurane is given using oxygen alone If added relaxation is required, 
supplemental doses of muscle relaxants may be used 

The level of blood pressure during maintenance is an inverse function of isoflurane 
concentration in the absence of other complicating problems. Excessive decreases may 
be due to depth of anesthesia and in such instances may be corrected by lightening 
anesthesia 


HOW SUPPLIED 


FORANE (isoflurane, USP), NDC 10019-360-40, is packaged in 100 mL amber-colored 
bottles 


Storage: Store at room temperature Isoflurane contains no additives and has been 
demonstrated to be stable at room temperature for periods in excess of five years 


A-0336 Revised 10-85 
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(AMRINONE) 


Rapidly increases Cardiac output 
with minimal effect 
on heartrate orrhythm 
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o Substantially improves contractility 
without adding to myocardial oxygen demand 


° Lowers pulmonary capillary wedge pressure and 
systemic vascular resistance 


o Heart rate and blood pressure virtually unchanged 


© INOCOR is intended for short-term use in patients 
who can be closely monitored and do not respond adequately 
to prior treatment with digitalis, diuretics, and/or vasodilators. 


*For important product information concerning contraindications, adverse reactions, patient selection, 
and prec: aution: ary recommendations, please see last page. 
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brief summary of product information on this page for contraindications, adverse 


INOCOR lactate injection, brand of amrinone lactate, represents a new class of cardia 
inotropic agents with vasodilator activity, distinct from digitalis glycosides c 
catecholamines. 

INDICATIONS AND USAGE (INOCOR lactate injection is indicated for the short-terr 
management of congestive heart failure in patients who can be closely monitored anı 
who have not responded adequately to digitalis, diuretics, and/or vasodilators ) 

INOCOR lactate injection is indicated for the short-term management of congestiv 
heart failure. Because of limited experience and potential for serious adverse effect 
(see ADVERSE REACTIONS), INOCOR should be used only in patients who can b 
closely monitored and who have not responded adequately to digitalis, diuretics, and/c 
vasodilators. Although most patients have been studied hemodynamically for period 
only up to 24 hours, some patients were studied for longer periods and demonstrate: 
consistent hemodynamic and clinical effects. The duration of therapy should depend o! 
patient responsiveness. 

CONTRAINDICATIONS INOCOR lactate injection is contraindicated in patients whi 
are hypersensitive to it. 

itis also contraindicated in those patients known to be hypersensitive to bisulfites 
PRECAUTIONS General: INOCOR lactate injection should not be used in patients wit! 
severe aortic or pulmonic valvular disease in lieu of surgical relief of the obstruction. Liki 
other inotropic agents, it may aggravate outflow tract obstruction in hypertrophi 
subaortic stenosis. 

During intravenous therapy with INOCOR lactate injection, blood pressure ani 
heart rate should be monitored and the rate of infusion slowed or stopped in patient 
showing excessive decreases in blood pressure 

Patients who have received vigorous diuretic therapy may have insufficient cardia 
filling pressure to respond adequately to INOCOR lactate injection, in which casi 
Cautious liberalization of fluid and electrolyte intake may be indicated 

Supraventricular and ventricular arrhythmias have been observed in the ver 
high-risk population treated. While amrinone per se has not been shown to bi 
arrhythmogenic, the potential for arrhythmia, present in congestive heart failure itsel 
may be increased by any drug or combination of drugs. 

Thrombocytopenia and hepatotoxicity have been noted (see ADVERSI 
REACTIONS). 

LABORATORY TESTS Fluid and electrolytes: Fluid and electrolyte changes and rene 
function should be carefully monitored during amrinone lactate therapy Improvement ir 
Cardiac output with resultant diuresis may necessitate a reduction in the dose of diureti 
Potassium loss due to excessive diuresis may predispose digitalized patients t 
arrhythmias. Therefore, hypokalemia should be corrected by potassium supplement: 
tion in advance of or during amrinone use 

DRUG INTERACTIONS In a relatively limited experience, no untoward clinical manife: 
tations have been observed in patients in whom INOCOR lactate injection was usec 
concurrently with the following drugs: digitalis glycosides, lidocaine, quinidine, metopr 
lol, propranolol; hydralazine, prazosin, isosorbide dinitrate, nitroglycerine; chlorthalidone 
ethacrynic acid, furosemide, hydrochiorothiazide, spironolactone, captopril, heparir 
warfarin, potassium supplements, insulin, diazepam 

One case of excessive hypotension was reported when amrinone was usec 
concurrently with disopyramide. 

Until additional experience is available, concurrent administration with Norpace* 
disopyramide should be undertaken with caution 
USE IN ACUTE MYOCARDIAL INFARCTION INOCOR is not recommended for use ir 
acute myocardial infarction. 

USE IN CHILDREN Safety and effectiveness in children have not been established 
USE IN PREGNANCY Pregnancy category C: In New Zealand white rabbits, amrinone 
has been shown to produce fetal skeletal and gross external malformations at ora 
doses of 16 mg/kg and 50 mg/kg that were toxic for the rabbit. Studies in French Hy/C! 
rabbits using oral doses up to 32 mg/kg/day did not confirm this finding. No maitorme 
tions were seen in rats receiving amrinone intravenously at the maximum dose usec 
15 mg/kg/day (approximately the recommended daily IV dose for patients with conges 
tive heart failure). There are no adequate and well-controlled studies in pregnant womer 
Amrinone should be used during pregnancy only if the potential benefit justifies the 
potential risk to the fetus 

USE IN NURSING MOTHERS Caution should be exercised when amrinone ıs 
administered to nursing women, since it is not Known whether it is excreted in humar 
milk. 

ADVERSE REACTIONS Thrombocytopenia: Intravenous INOCOR lactate injectior 
resulted in platelet count reductions to below 100,000/mm’ in 2.4% of patients 
Gastrointestinal effects: Gastrointestinal adverse reactions reported with INOCOF 
lactate injection during clinical use included nausea (1.7%), vomiting (0.9%), abdomina 
pain (0.4%), and anorexia (0.4%) 

Cardiovascular effects. Cardiovascular adverse reactions reported with INOCOR lac 
tate injection include arrhythmia (3%) and hypotension (1.3%) 

Hepatic toxicity: In dogs, at IV doses between 9 mg/kg/day and 32 mg/kg/day 
amrinone showed dose-related hepatotoxicity manifested either as enzyme elevation ot 
hepatic cell necrosis or both. Hepatotoxicity has been observed in man following 
long-term oral dosing and has been observed, in a limited experience (0.2%), following IV 
administration of amrinone. 

Hypersensitivity: There have been reports of several apparent hypersensitivity reactions 
in patients treated with oral amrinone for about two weeks. Signs and symptoms were 
variable but included pericarditis, pleuritis, and ascites (one case), myositis witt 
interstitial shadowing on chest x-ray and elevated sedimentation rate (one case), anc 
vasculitis with nodular pulmonary densities, hypoxemia, and jaundice (one case). The 
first patient died, not necessarily of the possible reaction, while the last two resolved with 
discontinuation of therapy. None of the cases were rechallenged, so attribution tc 
amrinone is not certain, but possible hypersensitivity reactions should be considered ir 
any patient maintained for a prolonged period on amrinone 

General: Additional adverse reactions observed in intravenous amrinone clinical studies 
include fever (0.9%), chest pain (0.2%), and burning at the site of injection (0.2%) 
OVERDOSAGE Doses of INOCOR lactate injection may produce hypotensior 
because of its vasodilator effect. If this occurs, amrinone administration should be 
reduced or discontinued. No specific antidote is known, but general measures for 
circulatory support should be taken 

MANAGEMENT OF ADVERSE REACTIONS Platelet count reductions Asymptc 
matic platelet count reduction (to less than 150,000/mm?) may be reversed within one 
week of a decrease in drug dosage. Further, with no change in drug dosage. the count 
may stabilize at lower than predrug levels without any clinical sequelae. Predrug platelet 
counts and frequent platelet counts during therapy are recommended to assist in 
decisions regarding dosage modifications 

Should a platelet count less than 150,000/mmé occur, the following actions may be 
considered 
e Maintain total daily dose unchanged, since in some cases counts have either 

stabilized or returned to pretreatment levels 
e Decrease total daily dose 
e Discontinue amninone if, in the clinical judgment of the physician, risk exceeds the 
potential benefit 
Gastrointestinal side effects: While gastrointestinal side effects were seen infrequently 
with IV therapy, should severe or debilitating ones occur, the physician may wish to 
reduce dosage or discontinue the drug based on the usual benefit-to-risk 
considerations 
Hepatic toxicity: In clinical experience to date with IV administration, hepatotoxicity has 
rarely been observed. If acute marked alterations in liver enzymes occur together with 
Clinical symptoms, suggesting an idiosyncratic hypersensitivity reaction, amrinone 
therapy should be promptly discontinued 

lf less than marked enzyme alterations occur without clinical symptoms, these 
nonspecific changes should be evaluated on an individual basis. The clinician may wish 
to. continue amrinone and reduce the dosage or discontinue the drug based on the usua! 
benefit-to-risk considerations 
HOW SUPPLIED Ampuls of 20 mL sterile, clear yellow solution containing INOCOR 
5 mg/mL, box of 5 (NDC 0024-0888-20). Each 1 mL contains INOCOR lactate equiva 
lent to 5-mg base and 0.25 mg sodium metabisulfite in water for injection 
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Head Injury and the Anaesthetist 


It is believed that the anaesthetist will 
continue to have an important roll to 
play in the overall care of the head- 
injured patient, an involvement that 
should go far beyond the ‘provision of 
technical assistance in the care of the 
unconscious patient and of anaesthesia 
for surgical procedures’. The contents 
of this monograph will inform the 
anaesthetist about some of the wider 
aspects associated with trauma to the 
head, and so enable him to participate 
fully in the care of these patients. 


CONTENTS: List of Contributors. 
Preface. 1. The pathology of head 


edited by W. Fitch and J. Barker 


injury (D. I. Graham). 2. The patho- 
physiology of head injury (J. D. Miller). 
3. Pulmonary function in the head- 
injured patient (S. Jennett). 4. The 
clinical assessment of the head- 
injured patient (G. Teasdale). 5. The 
immediate care and transportation of 
the head-injured patient (S. Galbraith). 
6. Anaesthesia and the head-injured 
patient (J. Barker). 7. The post- 
operative care of the head-injured 
patient (J. M. Horton). 8. Artificial 
ventilation in the management of the 
head-injured patient (D. G. McDowall). 
9. Intracranial pressure monitoring in 
the management of the head-injured 


patient (S. Galbraith). 10. Extracranial 
injuries-facial injuries (J. P. Vance). 11. 
Extracranial injuries-chest injuries 

(A. B. M. Telfer). 12. The use of 
barbiturate therapy in the manage- 
ment of the head-injured patient (H. M. 
Shapiro, B. J. Dunlop and L. F. 
Marshall). 13. Brain death (W. Fitch). 
14. Future developments in the care of 
the head-injured patient (B. Jennett). 
Subject index. 
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International Resuscitation Days 


Proceedings of the 2nd International Resuscitation Days 


The success of the first meeting of 

the International Resuscitation Days 
inspired the organization of a second 
symposium upon which this book is 
based. The two main topics of this 
symposium were shock and 
parenchymal acute respiratory failure. 
Once again, great interest was elicited 
by original contributions dealing with 
the most recent advances in these two 
fields of intensive care. The contents of 
this proceedings volume will certainly 
constitute a valuable source of 
information for those working in 
intensive care throughout the world. 


Contents: Lectures. The ethics of 
intensive care (M. Rapin). Oximetry in 
the weaning of the ventilator patient 
(O. Prakash). Cellular Anoxia and 
Shock: An Update. The role of the 
mitochondrial oxidative damage in the 
pathogenesis of circulatory shock in 
humans (C. G. Corbucci, A. Gasparetto, 


Rome, 2 October 1985 
edited by A. Gasparetto 


M. Antonelli, M. Bufi, R. A. De Blasi, 
and G. Crimi). Mechanisms and 
therapy of septic shock (L. B. Hinshaw). 
Endogenous opioids and other peptides 
in shock, spinal trauma and stroke 

(J. W. Holaday, E. W. Bernton, R. C. 
Kinney, J. B. Long and D. S. Malcolm). 
Thromboxanes and leukotrienes as 
mediators of ischemia and shock (A. M. 
Lefer). Do leukocytes play a role in the 
tissue damage seen with ischemia and 
injury? (D. H. Lewis). Oxygen radicals 
in the pathogenesis of circulatory 
shock (G. P. Novelli). Endurance 
exercise and shock - Role of oxygen 
radicals and antioxidants (L. Packer). 
Septic shock (W. Schumer). New 
Concepts on Respiratory Support. 
True mechanisms of new techniques 
for respiratory support: Observation on 
CPAP (G. Damia, A. Pelizzola, M. Solca, 
M. Cigada, and A. Elena). True 
mechanisms of the new techniques of 
ventilatory support: Observations on 


high frequency jet ventilation (G. 
Damia, A. Pelizzola, M. Solca, M. 
Cigada and A. Elena). Pathophvsiolo- 
gical considerations on special modes 
of ventilation in severe respiratory 
distress syndrome (B. Jonson, E. 
Evander, B. Lachmann and P. Wollmer). 
Clinical applications of combined high 
frequency ventilation (CHFV) (G. 
Crimi, C. Mattia, G. Conti and A. 
Gasparetto). Rationale for independent 
lung ventilation in unilateral 
pneumonia (F. Lemaire). Technical 
modalities for the realization of 
independent lung ventilation (ILV) 

(U. R. Borg and J. C. Stoklosa). Clinical 
application of asynchronous 
independent lung ventilation (AILV) 
(K. Hillman). Index of authors. 
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And works when others won't. 
Now pulse oximetry doesn't have to stor 


when electrosurgery begins. 


Introducing 
the new ACCUSAT™ 


pulse oximeter 


Now you don’t have to com- 
promise on either size or per- 
formance when choosing a 
pulse oximeter. The new 
ACCUSAT pulse oximeter 
has it all. Small size—only 4 
inches wide. And outstanding 
performance features, includ- 
ing electrosurgical inter- 
ference suppression (ESIS)— 
a Datascope pioneered tech- 
nology. That means it con- 
tinues to provide virtually un- 
interrupted Sa0, and pulse 
rate levels during surgical 
procedures requiring 
electrocautery. 


For unsurpassed flexibility, 

a battery option allows the 
ACCUSAT to be placed on 
the bed or on bedside rails 
for convenient transport 
monitoring. Big, bright LED 
displays make seeing oxygen 


saturation and pulse rate 
numbers extremely easy from 
any angle and from considera- 
ble distances. There are no 
hidden controls or ambiguous 
message displays. Every func- 
tion or message is clearly 
labeled or identified for fast, 
simple, reliable operation. 
What’s more, a unique pulse- 
level display indicates changes 
in peripheral perfusion. 


A wide range of high j 
performance probes for 
superior pulse tracking. 


Now, all patients from large 
adults to small neonates can 
be effectively monitored...con- 
tinuously, without interrup- 
tion. Our totally new probe 
construction in the ACCUSAT 
adult finger probe combines 
high output LEDs with a con- 
trolled tension spring mecha- 
nism for superior pulse 
tracking. And to avoid the 


cost of disposable probes, 
ACCUSAT offers a wide range 
of reusable adult, pediatric 
and neonatal probes. 


EE PERNO RSI en a TEN 
Outstanding alone. 

Even better together. 
RNE DSRNA JA SS A 
With ACCUSAT, as with all 
our products, there is an en- 
tire family of Datascope prod- 
ucts that function right along 
with it. You can build a com- 
plete Datascope anesthesia 
monitoring system which in- 
cludes ECG, invasive and/or 
non-invasive pressures, re- 
spiratory O, and CO, and con- 
tinuous cardiac output. 


For more information about 
this compact, sophisticated 
pulse oximeter, please call or 
write Datascope Corp., Dept. N 
PO. Box 5, Paramus, New 
Jersey, 07653-0005. Or call 
(201) 265-8800. Sales and serv- 
ice throughout the world. 
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Datascope B.V. e Postbox 26,3870 CA Hoevelaken, Holland ¢ Tel. 03495-34514 (European Headquarfers) 
Datascope GmbH e AM Wall 190, 2800 Bremen 1, West Germany e Tel. 421-321818/19 
Datascope Medical Co. Ltd. ¢ Science Park, Milton Rd, Cambridge CB44BH, England e% Tel. 0223-860 333 
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See for yourself. 


The only surgical muscle relaxant 


free of clinically significant 
cardiovascular and histamine- 


related side effects... 


ideal for your patients, including 
those at risk.” 





see the safety for yourself. 


Free of clinically significant cardiovascular effects.* 


NORCURONS is the only surgical muscle relaxant for which no clinically significant cardiovascular effects 
were observed in clinical trials.“ In fact, even at 12 times effective doses, under halothane anesthesia,’ 
NORCURON® produced no tachycardia, hypotension, or abnormalities of cardiodynamic function. 


Cardiovascular Response to Norcuron® (vecuronium bromide) 


CO-cardiac output 
* 
at 12 Times the ED,, d HR-heart rate 


PMAP-pulmonary mean arterial 
pressure 

PCWP-pulmonary capillary 
wedge pressure 

SMAP-systemic mean arterial 
pressure 

SVR-systemic vascular 

resistance 


% of Control 


2 
*Adapted from Morris et al.' Minutes After Administration 





Histamine release or histamine-related side effects 
unlikely to occur...even at 3.5 times the ED,,.° 


NORCURON® has not been shown to significantly affect circulating histamine, mean arterial blood 
pressure, and heart rate even in doses at the upper extreme of the recommended clinical range.° 


The Effect of Nondepolarizing Muscle Relaxants* Percent of Control 
Drug Dose XEDos Histamine Mean Arterial Heart Rate 
(mg/kg) 
Tubocurarine 0.5 
Metocurine 0.57 


Atracurium 0.6+ 
Vecuronium 0.1 
Vecuronium 0.2 


* Adapted from Basta et al.5 
+0.1 mg/kg higher than recommended dose. 








Performance unaffected by renal function.’ 


Despite administration of high doses of NORCURON®, no significant differences in onset 
time, duration of action, or recovery index have been noted between patients with and 


without renal function.° 


Comparative Indices of Neuromuscular Blockade for Patients With and Without Renal Function 
Given Equal Doses (0.14 mg/kg)* of NORCURON® (vecuronium bromide) by Bolus Injectiont 


Onset (min) 


Duration of time (min) | pee Bs oe eee eae 109-8 12.9 


Recovery index (min) 


Æ Normal Renal Function No Renal Function 
* Although high doses of NORCURON® were used to assess its pharmacokinetics, it is recommended that the initial dose not exceed 0.08 to 0.1 mg/kg. 
t Adapted from Miller et al.® 





The surgical muscle relaxant 
ideal for virtually all patients 
including those at risk. 


Norcuron’ 


vecuronium bromide) injection 


See full prescribing information on following page. 
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Drag interactions: Prior adminisization of succinytcholine may enhance the neuromuscular biockding 
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inhalational Apesthetice: Use of volatile inhalational anesthetics such as enfiurane, isoflurans, and halothane with 
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Pharmacodynamics and Pharmacokinetics of High-Dose Sufentanil 
in Infants and Children Undergoing Cardiac Surgery 


Peter J. Davis, MD, D. Ryan Cook, MD, Richard L. Stiller, PhD, and 


Karen A. Davin-Robinson, BA 





DAVIS PJ, COOK DR, STILLER RL, DAVIN- 
ROBINSON KA. Pharmacodynamics and 
pharmacokinetics of high-dose sufentanil in infants and 
children undergoing cardiac surgery. Anesth Analg 
1987;66:203-8. 


The pharmacodynamic and pharmacokinetic profiles of high- 
dose sufentanil (15 pg/kg) and oxygen were determined in 
20 infants and children undergoing repair of congenital 
heart defects. Sufentanil provided marked hemodynamic sta- 
bility after an infusion and during the stress periods of 
incision and sternotomy. Two patients required supple- 
mental nitrous oxide because of an increase in blood pressure 
greater than 20% of baseline. Mean plasma catecholamine 
concentrations varied widely among patients and increased, 
although not significantly, during intraoperative stress. 
Pharmacokinetic data best fit a two-compartment model. In 


infants younger than 10 months (group 1) and children 
older than 10 months (group 2) who were not surface-cooled, 
elimination half-lives were similar (mean + sD, 53 + 15 
min vs 55 + 10 min) as were clearance values (27.5 + 
9.3 vs 18.1 + 10.7 mlkg` ‘min '). However, the volumes 
of distribution were significantly smaller in group 1 com- 
pared with group 2 (1.6 + 0.46 vs 3.0 + 1.3 L/kg). In 
infants younger than 10 months who were surface-cooled 
(group 3) elimination half-life was longer (120 + 36 min) 
and volume of distribution larger (3.7 + 1.1 Likg), but 
clearance rate was similar (21.5 + 5.0 ml-kg ‘min ') com- 
pared with age- and weight-matched infants (group 1). 


Key Words: ANESTHESIA—pediatric. ANESTHET- 
ICS, INTRAVENOUS—sufentanil. METABOLISM— 
hypothermia. PHARMACODYNAMICS—sufentanil. 
PHARMACOKINETICS—sufentanil. 





Sufentanil, a new thienyl derivative of fentanyl, is 
highly lipophilic and distributes rapidly and exten- 
sively to all tissues. It is five to ten times more potent 
than fentanyl (1,2), and in high doses can be a primary 
anesthetic agent for infants and children undergoing 
corrective cardiac surgery. In adults, sufentanil’s shorter 
elimination half-life (3), its ability to blunt the neu- 
roendocrine stress response (4,5), and its ability to 
maintain hemodynamic stability when infused intra- 
venously (6-12) confer theoretical advantages over 
fentanyl. Although considerable clinical data are 
available about sufentanil in adults, the literature re- 
garding sufentanil in infants and children is limited. 
Several investigators have evaluated the pharmaco- 
dynamic effects of sufentanil in children undergoing 
cardiothoracic surgery anesthetized with sufentanil 
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and pancuronium (13,14). The direct cardiovascular 
action of sufentanil may have been masked by the 
vagolytic-like properties of pancuronium. Although 
the pharmacokinetics of sufentanil have been inves- 
tigated in adult surgical patients (3) extrapolation of 
data from adults to children and infants may be er- 
roneous because of age-related changes in body com- 
position and drug transformation (15-17). 

We therefore determined the pharmacodynamics, 
pharmacokinetics, and neuroendocrine stress re- 
sponse during high-dose sufentanil and oxygen anes- 
thesia in infants and children undergoing repair of 
their complex congenital heart disease. To character- 
ize more accurately sufentanil’s hemodynamic effects, 
we used metocurine, a nondepolarizing muscle re- 
laxant with minimal cardiovascular effect. In addition, 
we determined the effects of moderate hypothermia 
on the disposition of sufentanil. 


Methods 


Twenty infants and small children, aged 1 month to 
3 yr, scheduled for elective repair of a complex con- 
genital heart defect were studied. All infants were 
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Table 1. Diagnostic Groyps and Number of Patients with and without Surface Cooling 


Diagnosis 


Atrial septal defect, pulmonic stenosis 


PV Obst S/P Senning 


Atrial septal defect, patent ductus arteriosus, pulmonary artery hypertension 


Ventricular septal defect, pulmonary artery hypertension 
Transposition great arteries 

Double aortic arch 

Endocardial cushion defect 

Ventricular septal defect 

Ventricular septal defect, pulmonic stenosis 


Total 


DAVIS ET AL. 
Non-surface-cooled Surface-cooled 
patients patients 
1 0 
A 0 
A 0 
7 1 
1 1 
1 0 
2 1 
0 2 
0 1 
14 6 


Abbreviation: PV Obst S/P Senning, Pulmonary vein obstruction status post-Senning procedure. 


ASA class 2 or 3. Approximately 75% were in com- 
pensated congestive heart failure controlled by digi- 
talis and diuretics. The study was approved by the 
Human Rights Committee and informed written con- 
sent was obtained from a parent. Infants less than 1 
yr of age were given atropine intramuscularly. The 
older children were premedicated with atropine, mor- 
phine, and secobarbital. The patients were divided 
into three groups. Patients younger than 10 months 
who were not surface-cooled are group 1 (n = 7), and 
similar patients who were surface-cooled are group 3 
(n = 7). There was no statistical difference in weight, 
age, or surface area between groups 1 and 3. Patients 
older than 10 months comprise group 2 (n = 6). None 
of the older patients was surface-cooled. 

The patients’ diagnostic profile is shown in Table 
1. Both the surface-cooled and non-surface-cooled 
groups included patients with right-to-left, left-to-right, 
and bidirectional intracardiac shunts, as well as pa- 
tients with obstructive lesions. All infants and chil- 
dren had cardiopulmonary bypass. 

The decision to surface-cool a patient was made by 
the attending surgeon. Anesthesia was induced and 
maintained as described below. After all catheters had 
been inserted the patient was packed in ice until core 
temperature decreased to 32°C. Then the ice was re- 
moved and the patient was prepared for surgery in 
the routine manner. 

Anesthesia was induced with nitrous oxide and 
oxygen. An intravenous catheter was inserted and 
metocurine (0.3 mg/kg) was administered to facilitate 
tracheal intubation, to control ventilation, and to pre- 
vent chest wall rigidity. After the trachea had been 
intubated and an arterial catheter inserted, sufentanil 
(15 ng/kg) was infused over 1 min. Nitrous oxide was 
discontinued after the sufentanil infusion. In children 
in whom venous or arterial cannulation was difficult, 
anesthesia was maintained briefly with halothane and 


nitrous oxide-oxygen. Sufentanil was administered 
after the discontinuation of halothane and when the 
end-tidal halothane concentration was less than 0.10%. 
Anesthesia was maintained with sufentanil and ox- 
ygen. Nitrous oxide was added to control blood pres- 
sure when it exceeded 20% of baseline. The electro- 
cardiogram (lead II) was monitored continuously and 
an automated blood pressure device (Dinamap) was’ 
used until radial or femoral arterial catheters had been 
inserted. Accuracy of the automated blood pressure 
device was verified with the intraarterial blood pres- 
sure recordings. Baseline vital signs were recorded on 
the day before surgery. | 

Arterial blood samples for sufentanil analysis were 
obtained after infusion at 1, 3, 5, 7.5, 15, 30, 45, 60, 
90, and 120 min or until the initiation of cardiopul- 
monary bypass. The blood samples were immediately 
centrifuged and the plasma decanted, stored, and fro- 
zen at — 60°C. The sufentanil concentrations were de- 
termined with a specific radioimmunoassay. This as- 
say accurately detects 0.5 ng/ml of sufentanil with an 
interassay and intraassay coefficient of variation less 
than 5% over the concentration ranges measured. All 
samples were assayed in triplicate. 

The pharmacokinetic data were analyzed with a 
model-dependent computation using a nonlinear 
regression. A computer adaptation of a manual tech- 
nique for exponential stripping, ESTRIP, was used to 
obtain initial polyexponential estimates (18). The de- 
cay curves were fitted to the intravenous data with a 
nonlinear least squares microcomputer program, 
MULTI, with 1/CP? weighing, using a modified Mar- 
quardt algorithm (19). 

The decay curve for sufentanil concentration (C) 
vs time (t) from 0 to 90 min was evaluated, and this 
curvilinear form was best described by a biexponential 
equation. The pharmacokinetic parameters were de- 
termined by standard formulas. 
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Table 2. Hemodynamics during Sufentanil Anesthesia in Non-Surface-Cooled Patients . 
Variable Baseline 1 Min 5 Min Incision Sternotom: 
Heart rate 140 + 14 129 + 25 118: 23" 116 + 20" 123 + 32 
Systolic blood pressure 101 + 9 86 + 15° 74 + 11° 99 +15 106 + 13 
Diastolic blood pressure 65 + 10 48+ 46 + 12" 65 + 14 67 + 13 


Values are mean + SD. 
“P < 0.01 from baseline. 


The area under the concentration curve (AUC) was 
calculated using the logarithmic trapezoidal rule; 
clearance (Cl) was calculated as Cl = dose/AUC; ap- 
parent volume of distribution (Vdg) as Vda = CVB. 
Distribution half-life (tiza) as tina = 0.693/a; and elim- 
ination phase half-life (ti2g) as ting = 0.693/8 (multi 
data points). 

Pharmacokinetics were measured based upon data 
obtained before bypass because hemodilution affects 
the volume of distribution. The F-ratio test was ap- 
plied to the results obtained by fitting the two-com- 
partment open model to the experimental plasma con- 
centration time data. In all patients the weighted 
residual sum of the squares was not sufficiently re- 
duced (P = 0.05) by the addition of a third compart- 
ment (20). Residual plots and the goodness of fit con- 
firmed these findings. 

Serum epinephrine, norepinephrine, and dopa- 
mine concentrations were measured at different in- 
traoperative periods in eight infants, three in group 
3 and five in group 1. Blood was sampled before and 
4 min after sufentanil infusion, as well as 1 min after 
incision, 1 min after sternotomy, 1 min after aortic 
cannulation, and 1 and 10 min after initiation of car- 
diopulmonary bypass. Catecholamine concentrations 
were determined by radioenzymatic assay. The assay 
uses catechol-o-methyl-transferase to transfer a °H- 
methyl group from S-adenosyl-L-methionine-[PH- 


methyl] to the catecholamines. The “H-methyl deriv- — 


atives of the catecholamines are separated by thin 
layer chromatography, extracted, and oxidized to °H- 
vanillin. Radioactivity attributable to each catechol- 
amine is determined by scintillation counting. Radio- 
activity in each extract is proportional to the amount 
of the catecholamine. The sensitivity of this method 
in plasma is 2 pg/50 ul for both norepinephrine and 
epinephrine and 15 pg/50 yl for dopamine. The coef- 
ficient of variation within runs and between runs is 
4.2% and 7.5%, respectively. 


Statistical Analysis 


Statistical comparisons of both hemodynamic and 
catecholamine data were performed by repeated mea- 
sures of analysis of variance followed by a Scheffe test 
(a = 0.05) to determine the significance of any changes 


between two time periods. The pharmacokinetic dat 
were analyzed by both parametric one-way analysi 
of variance and nonparametric, Wilcoxon method: 
Values of P = 0.05 were considered significant (21) 


Results 


The cardiovascular changes attributable to sufentan 
in patients not surface-cooled are summarized in Te 
ble 2. The patients who were surface-cooled are nc 
included because of the difficulty in separating th 
hemodynamic effects of hypothermia from those 
sufentanil. Sufentanil caused a statistically significar 
reduction below baseline levels in heart rate 5 mi 
after injection and 1 min after sternotomy. Systoli 
and diastolic blood pressure decreased significantly 
and 5 min after infusion. With incision and sternc 
tomy the values returned to baseline. Two patient 
required supplemental nitrous oxide to control a greate 
than 20% increase in blood pressure. In both instance 
the addition of 50% nitrous oxide eliminated the hy 
pertensive response. 

Table 3 summarizes the pharmacokinetic data i 
19 of the 20 patients. In one patient (group 3) studie 
early in the series, gross hemolysis occurred in bloo 
samples during the sampling period for sufentani 
Because of sufentanil’s ability to bind to erythrocytes 
hemolysis could alter plasma sufentanil concentre 
tions. Therefore this patient was excluded from th 
analysis of the pharmacokinetic data. There were stz 
tistically significant differences in the pharmacpk 
netic profiles among these three groups. 

The elimination half-life was statistically dikterer 
between groups 1 and 3 and between groups 2 an 
3. The volume of distribution in groups 1 and 3 an 
1 and 2 was statistically different as well. No statistici 
difference could be demonstrated in the clearance va 
ues among the three groups. 

Table 4 lists the catecholamine levels at variou 
stress points during the operative procedure. A 
though there was a trend of increasing catecholamin 
concentration with decreasing sufentanil plasma cor 
centration, the large variability among patients pre 
cluded statistical significance. 
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Table 3. Pharmacokineties of Sufentanil in Infants and Children Undergoing Cardiac Surgery 


Group” Age (months) Weight (kg) SA (m°?) 

1 (n=7) 5.2 + 2.1 "5.3411 0.31 + 0.05 
2 (n=6) 15.5 + 5.2 8.9 + 1.6 0.44 + 0.04 
3 (n=6) 5.1 + 3.4 5.3 + 2.4 0.30 + 0.09 


Values are mean + SD. 


ting (min) Vda (L/kg) Cl (ml-kg~?-min™') 
53 + 15 1.6 + 0.46 27.5 + 9.3 
55 + 10 3.0 + 1.35 18.1 + 10.7 
120 + 36° 3.7 + 1.1 21.5 + 5.0 


Abbreviations: 5A, surface area; tinß, elimination half-life; Vd, volume of distribution; Cl, clearance. 
“Group 1, non-surface-cooled and aged < 10 mo; group 2, non-surface-cooled and aged = 10 mo; group 3, surface-cooled. 


"Different from groups 1 and 2 (P < 0.05). 
‘Different from groups 2 and 3 (P < 0.05). 


Discussion 


The cardiovascular effects of sufentanil have been 
studied in both adult and pediatric surgical patients. 
At 10-15 pg/kg doses of sufentanil, cardiovascular 
and hormonal stability are well maintained. For ex- 
-ample, in patients with good left ventricular function 
on high doses of B-adrenergic blockers, sufentanil 
produced no significant change in hemodynamic sta- 
bility. De Lange et al. (6) compared equipotent doses 
of fentanyl and sufentanil and noted that the inci- 
dence of hypertension necessitating vasodilator ther- 
apy was less in patients anesthetized with sufentanil. 
In the hypertensive patients supplementary doses 
controlled blood pressure better with sufentanil than 
with fentanyl. However, in a double-blind study by 
Rosow et al. (9) the two drugs were comparable with 
regard to hemodynamic stability. The hemodynamic 
aspects of sufentanil have also been studied in infants 
and children undergoing repair of complex congenital 
heart defects (13,14). In these studies the hemody- 
namics of sufentanil were evaluated in the presence 
of pancuronium as the muscle relaxant. Although 
minimal cardiovascular effects from this combination 
were noted by Hickey and Hansen (13), Moore et al. 
(14) noted a significant increase in blood pressure and 
heart rate from this combination. Because of the po- 
tential tachycardia and hypertension associated with 
pancuronium, in our study we used metocurine, a 
nondepolarizing muscle relaxant with minimal car- 
diovascular effect. We were thus able to define more 
accurately the hemodynamic effects of sufentanil. 
As in the studies of de Lange et al. (6) and Hickey 
and Hansen (13), we noted a statistically but not clin- 
ically significant decrease in systolic and diastolic blood 
pressures within 5 min of the sufentanil infusion. With 
incision and sternotomy, blood pressure returned to 
baseline levels. Likewise, heart rate decreased after 
sufentanil infusion but returned to baseline rates with 
sternotomy. Only two patients in our series needed 
supplemental nitrous oxide. In the study by Moore 
et al. (14) increases in blood pressure and heart rate 
occurred during intubation, sternotomy, and incision 


after bolus infusions of 5, 10, or 20 wg/kg of sufentanil. 
Other investigators (6,7) have noted an inverse rela- 
tion between sufentanil dose and the hemodynamic 
stress response. Our study dose of 15 pg/kg was in- 
termediate in the range of the three doses used by 
Moore et al. (14), yet suppressed the hemodynamic 
stress response more effectively than even the 20 ug/kg 
dose in that study. The use of pancuronium, a non- 
depolarizing muscle relaxant with known cardiovas- 
cular side effects, may account for the increases in 
blood pressure and heart rate in the study by Moore 
et al. 

Other explanations for the differences in the hemo- 
dynamic effect may be related to the patient popu- 
lation. The patients in our study were considerably 
younger (age range, 0-23 months) than those of Moore 
et al. (4-12 years) (14). Because cardiovascular func- 


. tion and structure change with age (22), sufentanil’s 


hemodynamic effect may be age-related. Along with 
differences in age, differences in the cardiac reserve 
and in the nature and complexity of the underlying 
congenital heart defect may account for the hemo- 
dynamic disparity between our patients and those of 
Moore et al. Adults with compromised ventricular 
function often require less anesthesia for a given sur- 
gical stimulus. Further support for the influence of 
age and cardiac complexity on the hemodynamic 
changes that occur with bolus sufentanil is offered by 
the comparable patient profiles and cardiovascular 
changes in our study and that of Hickey and Hansen 
(13). The hemodynamic data were similar even though 
Hickey and Hansen administered less sufentanil (5-10 
pg/kg) for induction and used pancuronium for the 
muscle relaxant. 

The pharmacokinetic data on sufentanil are limited 
(3,23). In the study by Bovill et al. of adult general 
surgical patients given 5 ug/kg of intravenous sufen- 
tanil with a background anesthetic of halothane or 
enflurane, they found the plasma decay curve to fit 
a three-compartment model, with a terminal elimi- 
nation half-life of 164 min (3), which is intermediate 
between those of fentanyl (185-219 min) and alfen- 
tanil (70-98 min) (24,25). To date, the pharmacoki- 
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Table 4. Catecholamine Levels during Sufentanil 
Anesthesia in Infants and Children Undergoing 
Cardiac Surgery 


Sampling time Epinephrine Norepinephrine Dopamine 
1 min postinjection 805 + 827 738 + 317 328 + 308 
1 min postincision 659 + 627 647 + 589 188 + 150 
1 min poststernotomy 1406 + 1220 1025 + 640 363 + 234 
1 min into CPB 1250 + 705 756 + 574 305 + 150 


10 min into CPB 1622 + 3147 861 + 1191 419 + 461 


Values are mean + SD. 
Abbreviation: CPB, cardiopulmonary bypass. 


netic data on sufentanil in children are limited. Our 
study analyzed the pharmacokinetics of sufentanil in 
patients until the time of cardiopulmonary bypass. 
The average time from injection of sufentanil until 
initiation of bypass was 90 + 23 min in the non- 
surface-cooled groups and 104 + 17 min in the sur- 
face-cooled group. These times are markedly shorter 
than the 8-h sampling period in adult surgical pa- 
tients. Although our sampling period for non-surface- 
cooled patients was 1.5 times longer than the elimi- 
nation half-life, a longer sampling period may have 
detected other compartments and a longer elimina- 
tion half-life. Unfortunately, our sampling time was 
limited by the constraints of the surgical procedure. 

The sufentanil plasma decay curves best fit a two- 
compartment model. Compared with values in the 
adult series of Bovill et al. (3), our infants and children 
(groups 1 and 2) demonstrated shorter elimination 
half-life and faster clearance; the volume of distri- 
bution in the younger patients (group 1) was signif- 
icantly less than in the older children (group 2) or the 
adults. 

Age-related changes in pharmacokinetics have been 
documented for other drugs. In neonates and infants 
the liver represents a larger portion of total body mass 
than it does in adults (26). The liver’s microsomal 
mixed function oxidase enzyme activity (P450) is greater 
in infants and children than in adults (19). Although 
there are no published reports of sufentanil’s metab- 
olism in humans, animal studies indicate that sufen- 
tanil is metabolized by O-demethylation and N-de- 
alkylation (27). Thus, the relative increase in liver mass 
and increased enzyme activity (microsomal P450) may 
account for the increased clearance in infants and chil- 
dren. Of interest is the smaller volume of distribution 
seen in the younger patients (group 1). A small vol- 
ume of distribution in young patients with congenital 
heart disease has also been reported for fentanyl. Ko- 
ren et al. have reported that the differences in volume 
of distribution are not age-related (28). Why patients 
with congenital heart disease have a small volume of 
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distribution remains open to speculation, but it may 
be attributable to changes in a-l-acid glycoprotein 
(AAGP) level, changes in protein binding, or altera- 
tions in tissue receptor affinity. At pH 7.45, sufentanil 
is highly protein-bound, 90% AAGP and 57% albumin 
(29). Thus, small changes in binding will have a pro- 
nounced effect on free-drug fraction and, therefore, 
volume of distribution. Why these parameters may 
be altered in patients with congenital heart disease 
requires further investigation. 

In addition to the age effect, we have demonstrated 
an effect of temperature on the kinetics of sufentanil. 
Surface cooling (group 3) markedly prolonged the 
elimination half-life and increased the volume of dis- 
tribution. Others have reported similar effects of tem- 
perature on drug kinetics (30,31). Kadar et al. (30) 
noted in brain-injured children receiving phenobar- 
bital that a reduced rate of metabolism, a decreased ' 
volume of distribution, and an increased elimination 
half-life occurred when the patients were cooled to 
31-32°C. In kinetic studies of d-tubocurarine in cats 
subjected to hypothermia, the elimination half-life in- 
creased, the clearance decreased, and volume of dis- 
tribution did not change (31). Infants and children, 
with a large surface-to-volume ratio, are particularly 
susceptible to intraoperative hypothermia. Therefore, 
temperature effects may need to be considered when 
administering sufentanil in children. 

The endocrine and metabolic effects of sufentanil 
anesthesia have been studied by numerous investi- 
gators. In adult patients undergoing open heart sur- 
gery sufentanil prevents the metabolic response in the 
prebypass period, but cannot suppress the catechol- 
amine surge during bypass. In pediatric patients Moore 
et al. (14) noted statistically nonsignificant changes in 
plasma catecholamine level during the stress periods 
of intubation, incision, and sternotomy. However, the 
lack of statistical significance was attributed to major 
individual variability. We, too, noted large variability 
among patients. The mean values delineate a trend 
after sufentanil infusion of marked decline in cate- 
cholamine levels over time; with decreasing sufentanil 
plasma levels, catecholamine values increased. As in 
other studies the bypass period was associated with 
increased catecholamines; however, because of the 
large variability among patients statistical significance 
could not be documented. 

In summary, we have documented the safety and 
efficacy of sufentanil in infants undergoing repair of 
complex congenital heart lesions. Sufentanil reliably 
suppressed major changes in blood pressure and heart 
rate. Compared with adults (3), infants and children 
with cardiac disease have higher clearance rates and 
shorter elimination half-lives. Whether these phar- 
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macokinetic differences can be attributed to age-re- 
lated changes in hepatic function or to the study de- 
sign (short sampling period) will require further 
pharmacokinetic studies. 
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Effect of Total Spinal Anesthesia on Arterial and Venous Responses 


to Dopamine and Dobutamine 


John F. Butterworth Iv, MD, John C. Austin, MD, Mark D. Johnson, MD, 
Luis D. Berrizbeitia, MD, Garland R. Dance, BA, George Howard, MSPH, and 


Lawrence H. Cohn, MD 
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BERRIZBEITIA LD, DANCE GR, HOWARD G, 

COHN LH. Effect of total spinal anesthesia on arterial and 
venous responses to dopamine and dobutamine. Anesth 
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To test whether acute denervation alters the vascular effects 
of dopamine and dobutamine, we anesthetized 16 grey- 
hounds and placed them on total cardiopulmonary bypass 
(CPB). Eight dogs received total spinal anesthesia before 
drug testing; eight dogs were tested in the absence of total 
spinal anesthesia. During dopamine and dobutamine in- 
fusions, venous capacitance [determined by the volume of 
the CPB venous reservoir (VR)] and mean arterial pressure 
(MAP) were monitored. The CPB pump flows remained 
constant throughout our studies. Every dog received six 
increasing doses of both drugs. In the absence of total spinal 
anesthesia, both dopamine and dobutamine increased VR 
(decreased venous capacitance) in a dose-dependent manner. 
Dobutamine decreased MAP in a dose-related fashion but 


Introduction 


When circulatory reflexes are prevented chronically, 
whether by drugs (1), toxic chemicals (2), or surgical 
nerve section (2,3), responses to a vasoactive drug 
may differ from those measured in a fully innervated 
preparation. In this study, by administering dopa- 
mine and dobutamine to 16 anesthetized dogs on total 
cardiopulmonary bypass (CPB), eight of which were 
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dopamine had no significant effect on MAP. After total 
spinal anesthesia, both dopamine and dobutamine produced 
greater dose-related increases in VR (1.e., decreases in ve- 
nous capacitance) than in the absence of spinal anesthesia. 
Dopamine increased MAP but dobutamine had no signifi- 
cant effect. These data demonstrate how dopamine and do- 
butamine differ in their effects on the arterial circulation in 
the presence or absence of spinal anesthesia. The acute de- 
nervation of spinal anesthesia altered venous and arterial 
dose-response relationships of both drugs. Finally, our study 
demonstrates the effectiveness of dobutamine and, perhaps 
even more so, dopamine as possible alternatives to ephedrine 
for the pharmacologic correction of the noncardiac circula- 
tory sequelae of spinal anesthesia. 


Key Words: ANESTHETIC TECHNIQUES—spinal. 
SYMPATHETIC NERVOUS SYSTEM, PHARMACOL- 
OGy—dopamine, dobutamine. 


tested during total spinal anesthesia, we attempted 
to determine whether the acute denervation of total 
spinal anesthesia alters the noncardiac circulatory ef- 
fects of vasoactive drugs. 


Methods 


Sixteen adult greyhounds (sex was immaterial) 
weighing 26.3 + 0.3 kg (SEM), not used in prior ex- 
periments were anesthetized with intravenous thio- 
pental (25 mg/kg), intubated, and mechanically ven- 
tilated with oxygen-enriched air. Anesthesia was 
maintained with intravenous pentobarbital, 1 mg/kg 
every hour after an initial 5 mg/kg dose. Femoral ar- 
terial and venous cannulae were inserted. A 19-gauge 
epidural catheter was inserted through a 17-gauge 
Weiss epidural needle into the cisterna magna of eight 
randomly chosen dogs; its correct placement was con- 
firmed by free flow of cerebrospinal fluid from the 
catheter. The spleen was excised to eliminate changes 
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in reservoir volume due to catecholamine-induced 
contraction of its muscular capsule (4). The abdominal 
wound was closed. A mediap sternotomy was per- 
formed and heparin (4 mg/kg) was administered into 
the right atrium. The CPB circuit was primed with 
2 L lactated Ringer’s solution. Cannulae in the su- 
perior and inferior venae cavae, a right-sided trans- 
ventricular vent, and a clamp on the pulmonary artery 
ensured complete diversion of cardiac venous return 
into a calibrated reservoir approximately 30 cm below 
the right atrium. Normothermic CPB was initiated at 
a flow of 75 ml-kg~ 1min”! using a Sarns (Ann Arbor, 
Mich.) model 1800 bypass pump and Shiley (Irvine, 
Calif.) model 5100A oxygenators. The heart was fi- 
brillated with topical ice. 

Animals received either a constant infusion (25 
ml-kg~*-hr~+) or bolus injections (between studies) of 
intravenous Ringer's lactate to replace evaporative and 
“third space” losses. We used the latter method of 
fluid administration in the initial experiments (n = 4) 
of this study; thereafter, to simplify analysis of VR 
data, animals (n = 12) were given a constant infusion, 
the amount of which (25 ml-kg~ ’-hr~*) was the mean 
fluid requirement of animals in the early phase of this 
and previous experiments (5). Arterial pH and oxygen 
and carbon dioxide tensions were maintained within 
normal ranges (7.35-7.45, > 80 mm Hg and 35-45 
mm Hg, respectively), and were kept constant during 
drug testing by altering CPB pump gas flows or, when 
rarely necessary, by administering intravenous so- 
diurn bicarbonate. Hematocrit values determined after 
initiation of CPB and at the termination of the exper- 
iment averaged 31 + 1% (SEM) and 30 +. 1% (SEM), 
respectively. The maximal decrease in hematocrit was 
5%; the mean decrease was 1%. One dog was elim- 
inated from the study because of excessive intraab- 
dominal bleeding. 

After cardiovascular steady state (defined as less 
than 10% variation over a 10-min period) was reached 
and baseline mean arterial pressure (MAP) (55 + 5 
mm Hg’ (SEM)) and venous reservoir (VR) (1460 + 50 
ml (SEM)) were recorded for all 16 animals, drug test- 
ing began in the eight animals not receiving spinal 
anesthesia. The other eight animals received hyper- 
baric tetracaine via the cisternal catheter (20 mg in 5% 
dextrose, total volume 4 ml) to induce total spinal 
anesthesia and tetracaine hourly (10 mg in 5% dex- 
trose, total volume 2 ml} to maintain spinal anes- 
thesia. The MAP and VR were again recorded when 
these eight dogs reached cardiovascular steady states 
(28 + 2 mm Hg (SEM) and 1350 + 160 ml (SEM), re- 
spectively), and drug testing was begun. The delay 
(roughly 10 min) attendant on onset of spinal anes- 
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Table 1. Hemodynamic Effects of Dopamine and 
Dobutamine in Dogs with Intact Spinal Reflexes 


Dose" Change in MAP | 


(ug'kg~ min’) (%) 
Dopamine (n = 8) 


Change’ in VR 


(mi/kg) 


Baseline values: MAP 56 + 4 mm Hg; VR 1420 + 120 ml 


1 3+2 0.2 + 0.6 
25 3 23 1.3 + 0.6 
5 5+3 2.0 + 0.8 
10 -0.1 +4 2.8 + 1.9 
20 18+ 6 3.6 + 1.3 
50 18 + 7 6.3 + 2.4 


Dobutamine (n = 6) 


Baseline values: MAP 72 + 6 mm Hg; VR 1080 + 250 ml 


1 2+4 —0.3 + 0.4 
2.5 1+4 0 + 0.3 
5 -8 +6 1.1 + 1.4 
10 —20 +7 3.1 + 1.8 
20 -35 +6 43+ 2.1 
50 —43 +4 


4.8 + 2.0 


Values are means + SEM. 

“Each dose administered for 5 min. 

*Compared with baseline steady-state values immediately before first 
dose of each drug. 


thesia produced negligible changes in baseline hemo- 
dynamic values in previously studied animals without 
spinal anesthesia. Testing in nonspinal anesthesia an- 
imals, therefore, was not postponed to compensate 
for this small delay. 

In each of the 16 dogs, six increasing doses of both 
dopamine and dobutamine were given (Table 1); all 
doses were administered with an infusion pump into 
the arterial port of the CPB reservoir. Drug doses were 
chosen to bracket the clinically relevant range for each 
agent. Each infusion was maintained for 5 min to 
ensure that a steady state had been reached, even 
though pilot studies had demonstrated no differences 
between data recorded after 3-, 5-, or 10-min infu- 
sions. Drug onset times were unchanged by spinal 
anesthesia. MAP and VR data were recorded at the 
end of each 5-min infusion. Dopamine and dobutam- 
ine were given in either order, with each animal re- 
ceiving all (increasing) doses of one drug before any 
doses of the other drug were given. To limit bypass 
time, hemodynamic variables were not allowed to re- 
turn to baseline between doses of a drug. However, 
the animal was rested for at least 10 min to establish 
anew steady state before testing with the second drug 
began, and testing did not begin until both MAP and 
VR had reached steady state. Total bypass time did 
not exceed 90 min. No dog showed progressive aci- 
dosis or other signs of deterioration during the study 
period. — 

In the eight animals not receiving spinal anes- 
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thesia, baseline steady-state MAP and VR values re- 
corded before any drug was given were compared 
with steady-state measurements recorded after each 
5-min infusion of the first drug. In the eight animals 
receiving total spinal anesthesia before drug testing, 
steady-state values measured after spinal anesthesia 
were compared with steady-state measurements re- 
corded after each 5-min infusion of the first drug. In 
both groups, baseline values for the second drug were 
obtained during the “rest period” following the first 
drug and were compared with values after each 5- 
min infusion of the second drug. 

Reservoir volume and MAP dose-response data were 
subjected to “growth curve” analysis to test for a sig- 
nificant dose-related effect. [Growth curve analysis 
tests the null hypothesis that there is no relationship 
between drug dose and drug effect, without neces- 
sarily attempting to define the relationship between 
the two (6).] The data were entered in a VAX 730 
computer (Digital Equipment Corporation, Maynard, 
MA) and analyzed using routines in the Statistical 
Analysis System (SAS Institute, Cary, NC). The re- 
lationships between the outcome variables (change in 
MAP and change in VR) and the drug doses of do- 
pamine and dobutamine were estimated by fitting 
each dog’s data to a series of exponential curves and 
to straight lines using standard regression routines. 
This first stage of the analysis yielded a line, the es- 
timated slope and intercept of which related drug 
dose to outcome variables. Of particular interest in 
this study were the estimated slopes, which were in- 
terpreted as the estimated average change in the out- 
come variable corresponding to a unit change in dose, 
or the dose-response rate, for each dog. Statistically 
significant dose-related drug effects were identified 
when mean slopes deviated significantly from 0 (the 
null hypothesis of non-dose dependence). Each dog 
received both dopamine and dobutamine and one 
“anesthestic” (spinal versus nonspinal)—thereby de- 
fining four exclusive data groups. In each of these 
four categories, the average dose response for the 
group and the t-test were employed to test if the group 
(on average) showed a positive or negative response 
to increasing drug dose. 

Analysis of variance (ANOVA) was employed to 
test for differences attributable to the drug (dopamine 
versus dobutamine) and to the anesthesia (spinal ver- 
sus nonspinal). A standard 2 x 2 factorial design was 
assumed. The interaction between drug and anes- 
thesia was tested, and if found to be nonsignificant, 
removed from the model to obtain a pooled estimate 
of the differences between drugs and anesthesia ap- 
proaches. 
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Table 2. Hemodynamic Effects of Dopamine and 


Dobutamine in Dogs with Ablated Spinal Reflexes (Total 
Spinal Anesthesia) 


Dose’ Change’ in MAP Change’ in VR 
(ugekg min ') (%) (ml/kg) 
Dopamine (n = 7) 

(Baseline values: MAP 27 + 1 mm Hg; VR 1650 + 170 ml) 
l =F ey 0.4 + 0.8 
25 Os] Ot #2 2:1 
5 17S 3S 0.8 + 2.6 
10 124 2:35 27 © 28 
20 23.9 = 5.7 B6 t13 
50 48.7 + 8.6 12.4 + 2.4 
Dobutamine (n = 8) 

(Baseline values: MAP 28 + 2 mm Hg; VR 1500 + 130 ml) 
i =0.2 = 1.5 S s E a A 
2.5 —0.1 + 2.3 Zo 1.2 
5 LT = 27 aia = is 
10 8.3 + 4.6 7 2 1.6 
20 10,6 + 5.3 97 +20 
50 10.3 + 5.9 lag S28 


Values are means + SEM. 
“Each dose administered for 5 min. 
IC B- ki - 5 i TE s s ee 
ompared with baseline steady-state values immediately before first 
dose of each drug. 
‘n = 7 for this dosage due to lost data point. 


Results 


Because of deviations from the experimental protocol, 
all dobutamine data collected during two of the early 
nonspinal experiments and all dopamine data from 
one dog in the spinal group were excluded from anal- 
ysis. The effects of the lowest dose of dobutamine 
were not recorded for one dog in the spinal group. 
In none of the 16 dogs did there appear to be an effect 
of drug order on drug effect. 

In the absence of spinal anesthesia (Table 1), both 
dopamine and dobutamine increased VR; dobutam- 
ine decreased MAP in a dose-related fashion but do- 
pamine failed to change MAP significantly. There was 
no apparent change in measured drug effects when 
testing was occasionally delayed in animals not re- 
ceiving spinal anesthesia by an amount of time com- 
parable to that required to induce spinal anesthesia; 
the number of animals in which delay occurred (n = 
2) was insufficient to permit direct statistical compar- 
isons. 

When total spinal anesthesia had interrupted spinal 
reflexes (Table 2), both dopamine and dobutamine 
increased VR (decreased venous capacitance) in a dose- 
related fashion. On the other hand, only dopamine 
increased MAP in a dose-related fashion; dobutamine 
had no significant effect. 
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Change- in MAP Per Unit Change. in Drug. Dose 
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Figure Í. Average of calculated slopes (as percent g~-kg-min) of 
oe cutves; MAP recorded as eleven change from base- 
line; drug dose in pg-kg~*min7?. 


MAP Slope Analysis 

Figuté 1 displays the slope of MAP dose-response 
lines for the four groups. The dopamine-spinal anes- 
thesia groiip had a response rate significantly above 
zero (P < 0.01), indicating that there was increasing 
change in MAP with increasing dose of dopamine. 
For both the dépamine—nonspinal anesthesia and the 
dobutamine-spinal anesthesia groups, there was no 
evidence {P > 0.05) of a dose-related effect on MAP. 
The dobtitamine—nonspinal anesthesia group showed 
a significant decline in MAP with increasing dose 
(P < 0.01). . 

No evidence of interaction between drug and anes- 
thesia (P > 0:10) was identified by ANOVA, indicat- 
ing that the source of the differences between the two 
drugs in their effects on MAP did not relate to the 
presence or absence of spinal anesthesia, or, con- 
versely, indicating that spinal anesthesia modified the 
MAP tesponse to both drugs in the same overall way. 
Therefore, it was reasonable to test for an overall drug 
effect (dopamine versus dobutamine) and overall 
anesthesia effect (spinal versus nonspinal anesthesia) 
by removing the interaction term in the 2 x 2 factorial. 

When data were combined without regard for anes- 
thesia, the overall MAP response to dopamine was 
estimated to be 0.974 above the overall response to 
' dobutamitie, a highly significant difference (P = 
0.0001), indicating that for the pooled spinal anes- 
thesia and nonspinal anesthesia groups there was a 
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Figure 2. Average of calculated slopes (as ml-g~ '-min) of reservoir 
volume (VR) dose—response curves; VR recorded as mkkg~! change . 
in volume; drug doses in pg-kg~-min@?. 


larger MAP increase for dopamine than for dobutam- 
ine. Also, the pooled estimated MAP response during 
spinal anesthesia was 0.896 above the response when 
spinal anesthesia was absent, again a highly signifi- 
cant (P = 0.0001) difference. This indicated that both 
drugs induced a larger response in the presence of 
spinal anesthesia than in its absence, supporting our 
underlying hypothesis regarding denervation and va- 
soactive drugs. 


VR Slope Analysis 


Figure 2 provides slopes of the VR dose-response lines 
for the four treatment groups. Each group showed 
significant (P < 0.05) increases in VR with increasing 
doses. 

These dose-response rates showed no significant 
interaction between drug and anesthesia by ANOVA 
(P > 0.10), indicating that the differences between 
dopamine and dobutamine were consistent between 
spinal and nonspinal anesthesia. Likewise, the dif- 
ferences between the spinal anesthesia and nonspinal 
anesthesia responses were similar for both drugs. 

When data with both drugs were combined, VR: 
dose responses were seen to be significantly greater 
during spinal anesthesia than when spinal anesthesia 
was not used. No statistical difference was detected 
between the effects of dopamine and dobutamine on 
VR (P > 0.10). Data on the effect of spinal anesthesia 
on MAP and VR in these eight dogs were included 
in our previous report (5). 
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Discussion 


This study demonstrates that dopamine and dobu- 
tamine produced different effects on MAP in dogs on 
CPB, whether or not total spinal anesthesia was pres- 
ent, although total spinal anesthesia altered the ef- 
fects of both drugs on MAP. Dopamine and dobu- 
tamine increased VR whether or not spinal anesthesia 
was present. 

We used CPB to prevent drug effects on the heart 
from influencing our results and to enable us to use 
VR at constant CPB pump flow as our index for changes 
in venous capacitance. At constant CPB pump flow, 
changes in arterial resistance were directly propor- 
tional to changes in MAP. We used total rather than 
fractional spinal anesthesia to ensure that sympathetic 
denervation was complete, an experimental paradigm 
more easily standardized and maintained than any 
less complete level of anesthesia. 

In the nonspinal anesthesia group, there was greater 
variability in the baseline steady-state MAP obtained 
before each drug series than in the spinal anesthesia 
group. Moreover, the higher baseline MAP in the 
dobutamine (nonspinal anesthesia) group relative to 
dopamine (nonspinal) and relative to our previous 
data (5) (for which we have no explanation) may have 
introduced some bias into our analysis, making do- 
butamine-induced hypotension appear more pro- 
found than, in fact, it was. We do not believe, how- 
ever, that any bias in the baseline would account for 
the dobutamine-dose-dependent decline in MAP that 
we measured, the slope of which differed significantly 
(P < 0.01) from the null hypothesis of a non-dose- 
dependent effect. Moreover, the contrast between the 
baseline variability of the nonspinal anesthesia group 
and the stable conditions obtained during spinal anes- 
thesia supports our hypothesis that data collected from 
innervated preparations differ from data collected in 
the absence of sympathetic reflexes, such as during 
spinal anesthesia. 

Our findings agree with those of previous studies, 
showing increased VR after administration of B-ad- 
renergic agonists in the absence of total spinal anes- 
thesia (7,8). Fuchs et al. found a dobutamine-induced 
decrease in vascular capacitance in an exteriorized 
spleen model of the canine mesenteric vasculature 
(the likely source of increased VR after adrenergic 
agonists) (9). Marino and colleagues measured sig- 
nificant increases in VR when patients on CPB re- 
ceived bolus injections of dopamine (10). Thus, de- 
spite differences in species and techniques, we expected 
both dopamine and dobutamine to increase VR in our 
model. Likewise, we expected differences between 
the effects of dopamine and dobutamine on MAP, 
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since clinical and experimental studies had identified 
dopamine as being more likely than dobutamine to 
raise MAP (11-14). We confirmed these differences 
both in the presence and in the absence of spinal 
anesthesia. 

Previous investigators have studied single vessels 
or vascular beds to compare the effects of vasoactive 
drugs on the arterial and venous systems (15,16). We 
believe that these studies may not necessarily predict 
the integrated responses of the entire systemic vas- 
culature to a drug. Such measurements may not be 
the most appropriate criteria for selecting a drug to 
correct the cardiovascular sequelae of spinal anes- 
thesia (17). In contrast, CPB techniques “sample” the 
aggregate response of all vessels in the systemic cir- 
culation. Furthermore, “cardiac output,” or, more 
correctly, CPB pump flow, can be set at a constant 
value, so that direct and reflex drug actions on heart 
rate and contractility will not obscure measurements 
of VR. Thus, CPB techniques are well suited to the 
study of the influence of spinal anesthesia on hemo- 
dynamic responses to vasoactive agents. 

Our model, like any other, is not an exact replica 
of clinical spinal anesthesia or of patients who receive 
dopamine or dobutamine. However, in the absence 
of cardiac function, differences in hemodynamic ef- 
fects between high thoracic and total spinal anes- 
thetics should be small. Sympathetic outflow is lim- 
ited to thoracic and lumbar regions of the spinal cord, 
all of which are blocked by high thoracic levels of 
spinal anesthesia (17,18). Our total bypass time (<90 
min) is consistent with the experimental times of oth- 
ers (8), and not likely to result in significant decline 
of the normothermic preparation. Moreover, by al- 
ternating the drug order, a time-related bias due to 
undetected rundown in the experimental preparation 
should have been prevented. 

From our previous experience (5), we expected that 
spinal anesthesia would influence vasoactive drug ef- 
fects, and this study confirms that spinal anesthesia 
significantly alters the effects of these drugs on MAP. 
How spinal anesthesia prevents dobutamine from in- 
ducing further dose-related hypotension remains un- 
clear. Dobutamine-induced reduction of systemic vas- 
cular resistance has been attributed to its actions on 
B2-receptors of arteriolar smooth muscle (11,13—15,19). 
The resting tone of arteriolar smooth muscle is likely 
to be lower in the presence of total spinal anesthesia 
than in its absence; further relaxation might not be 
detectable. Alternatively, dobutamine binding to a- 
receptors might serve to counterbalance B>-receptor- 
activated vasodilation when total spinal anesthesia 
has already vasodilated the systemic circulation to 
near maximum (9,13,15). 


Infusable drugs often are preferable to those that 
must be injected as boluses. Ephedrine, which cor- 
rects the venous pooling and hypotension that follow 
spinal anesthesia, is ill suited for infusion or repeated 
injections (11). Endogenous catecholamines released 
from nerve terminals produce its major effects, and 
repeated doses of ephedrine deplete the catechol- 
amines and cause tachyphylaxis. Although it would 
be improper to extrapolate directly from our data to 
a clinical recommendation, we have identified two 
agents administered by infusion that correct the ve- 
nous pooling induced by spinal anesthesia in an ex- 
perimental model, and that are likely to have similar 
actions in human patients. Dopamine—which, dur- 
ing spinal anesthesia, affects VR and MAP similarly 
to ephedrine—might be preferable to ephedrine in 
cardiac patients, since the effects of its administration 
by infusion can be controlled more readily. During 
spinal anesthesia, dobutamine has advantages over 
isoproterenol, which we and others have identified 
as increasing VR (5,7,8). Unlike isoproterenol, do- 
butamine increases VR in doses that do not reduce 
MAP. 

From these data, we conclude that dopamine is a 
reasonable therapeutic option to ephedrine for cor- 
rection of the noncardiac vascular sequelae of spinal 
anesthesia. Dobutamine is useful when venous re- 
turn, but not MAP, needs to be increased. Such a 
situation might occur when cardiac output decreases 
during spinal anesthesia employed for controlled hy- 
potension. Venous return might be maintained with 
fluid administration or blood transfusion or, phar- 
macologically, with dobutamine. The choice among 
these three approaches can be based on the need to 
control drug dosage precisely (necessitated, for ex- 
ample, by significant cardiac disease) or to avoid spe- 
cific drug side effects (for example, dopamine may 
decrease uterine and placental blood flow—making 
it a poor choice to treat the vascular sequelae of spinal 
anesthesia during cesarean delivery) (20,21). Overall, 
there appears to be no significant difference between 
the venous capacitance effects of dopamine and do- 
butamine in our experimental model. 

- From these data, we also have confirmed our con- 
tention that spinal anesthesia alters the action of va- 
soactive drugs. The MAP response to dopamine and 
dobutamine during total spinal anesthesia was not 
predicted by data collected when spinal anesthesia 
was not present. We conclude that the denervation 
attendant to spinal anesthesia has profound effects 
on venous and arterial hemodynamics and on the 
effect of adrenergic agonists on venous and arterial 
tone. Furthermore, we believe that the influence of 
these factors on vasoactive drug effects cannot be pre- 
dicted, except when spinal anesthesia is used. 
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Amrinone Blunts Cardiac Depression Caused by Enflurane or 


Isoflurane Anesthesia in the Dog 


Virve H. M. Makela, MD, and Patricia A. Kapur, MD 


MAKELA VHM, KAPUR PA. Amrinone blunts cardiac 
depression caused by enflurane or isoflurane anesthesia in 
the dog. Anesth Analg 1987;66:215-21. 


The effects of two infusion rates of amrinone, a positive 
inotrope and vasodilator, were studied during high and low 
concentrations of either enflurane or isoflurane anesthesia 
in a canine model. The anesthetic concentrations used were: 
“low” = 2.1-2.2% enflurane or 1.7-1.8% isoflurane, and 
“high” = 3.4-3.5% enflurane or 3.0-3.1% isoflurane. The 
two infusion rates of amrinone were: “low” = 2 mg/kg 
plus 30 gkg 'min | and “high” = 4 mg/kg plus 100 
gkg 'min '. In the present study, amrinone, in suffi- 
cient doses, blunted the deleterious effects of enflurane or 
isoflurane on myocardial function, reduced systemic vas- 
cular resistance (SVR) and pulmonary capillary wedge pres- 
sure, restored left ventricular dP/dt,,.a, (LVdP/dt,,,.,), and 
maintained cardiac index, even at the high concentrations 


Improvement of cardiac performance is a major ob- 
jective in the treatment of congestive heart failure. 
Recent interest has focused on a new class of inotropic 
drugs, the prototype of which is amrinone. Amrinone 
is a bipyridine derivative that improves cardiac per- 
formance by a combination of positive inotropic and 
vasodilating properties. Intracellular accumulation of 
cyclic AMP resulting from the inhibition of cyclic AMP 
phosphodiesterase plays an important role in its ac- 
tion (1,2). 

Amrinone may be useful in clinical circumstances 
associated with low cardiac output and high left ven- 
tricular filling pressure. It may be of use in patients 
with poor left heart function after cardiopulmonary 
bypass, and patients with heart failure associated with 
acute myocardial infarction. Also, patients with chronic 
heart failure may become temporarily refractory to 
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of enflurane or isoflurane that caused marked cardiac depres- 
sion. However, with reduced SVR, mean arterial pressure 
remained low. With lower enflurane or isoflurane, high 
concentrations of amrinone elevated LVdP/dt,,,,.. and heart 
rate above baseline, which might be of concern if myocardial 
oxygen supply were limited. No arrhythmias were observed 
at any time in this study. Amrinone did not increase plasma 
catecholamine levels with either anesthetic. Elevated amri- 
none plasma concentrations persisted for at least 1 hr after 
cessation of the high amrinone infusion and continued stim- 
ulatory effects on the cardiovascular system were observed. 
These results suggest that in selected patients amrinone may 
be beneficial in the short-term treatment of perioperative 
depression of cardiac performance. 


Key Words: PHARMACOLOGY—amrinone. AN- 
ESTHETICS, voLtatitEe—enflurane, isoflurane. 


oral medication, and short-term inotropic support may 
be needed to restore pump function (3,4). 

Amrinone has been shown to improve cardiac per- 
formance in pentobarbital-induced heart failure in dogs 
and also during pentobarbital-induced heart failure 
in the dog heart-lung preparation (5,6). In rabbit pap- 
illary muscle, Komai and Rusy (7) showed that am- 
rinone effectively counteracts the negative inotropic 
effect of halothane (1%) during single pulse (0.2 Hz) 
stimulation. They suggested that amrinone increases 
the influx of extracellular Ca** across the sarcolemma 
but not the availability of cellular Ca** that accu- 
mulates, most likely in sarcoplasmic reticulum, under 
the condition of potentiation. 

Inhalation anesthetics must be used with caution 
in patients with impaired cardiac function because of 
the dose-dependent cardiac depression produced by 
volatile anesthetics (8). In a closed-chest dog prepa- 
ration using two different levels of isoflurane and 
enflurane, Merin et al. (9,10) showed that both an- 
esthetics produce myocardial depression in a dose- 
dependent manner but the depression appeared to 
be less at equipotent levels of isoflurane (low, 1.48% 
end-tidal; high, 3.0% end-tidal) than with enflurane 
(low, 2.31% end-tidal; high, 3.64% end-tidal). In a 
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previous study we have shown in an enflurane- 
anesthetized canine model that increasing amrinone 
plasma levels from approximately 1 to 4 ug/ml re- 
sulted in progressive hemodynamic effects associated 
with decreased systemic vascular resistance (SVR) 
and increased cardiac index (CI) at lower levels 
with, in addition, increased left ventricular dP/dtmay 
(LVdP/dtmax) and decreased pulmonary capillary wedge 
pressure (PCWP) at higher levels (11). That study, 
however, included only one anesthetic at one con- 
centration. 

The purpose of the present study was to investigate 
the effects of two infusion rates of amrinone during 
high and low concentrations of enflurane or isoflur- 
ane anesthesia in a canine model to determine if the 
deleterious effects of high anesthetic concentrations 
could also be overcome by amrinone, as well as to 
‘deietmine the dose-related effects of amrinone during 
isoflurane anesthesia in the same model. Such infor- 
mation may help to guide the clinician in an evalu- 
ation of whether amrinone would be useful in the 
perioperative management of depressed myocardial 
performance. 


Methods 


At 3—4 week intervals, each of four experiments were 
carried out in five conditioned mongrel dogs of either 
sex, weighing 21 + 1 kg (mean + sem). The four 
experiments consisted of enflurane alone (E); amri- 
none plus enflurane (AE); isoflurane alone (F); and 
amrinone plus isoflurane (AF). The dogs were anes- 
thetized with enflurane or isoflurane in 40% oxygen 
in air via a chronic tracheostomy and mechanically 
ventilated (Harvard Apparatus Company, Model 623) 
to maintain Paco, within normal limits. To maintain 
pH within normal limits, NaHCO; was administered 
as needed, and 0.9% NaCl was infused intravenously 
at approximately 8 mi-kg™ ‘hr~* to maintain adequate 
hydration and urine output. Temperature was main- 
tained between 38-39°C with a warming blanket and 
a heating lamp. End-tidal concentrations of enflurane, 
isoflurane, CO2, and O, were continuously measured 
by mass spectrometry (Perkin-Elmer, Model #MGA 
1100). An arterial catheter was placed in‘a femoral 
artery for direct blood pressure measurements and 
blood sampling. A pulmonary artery catheter was 
passed via an external jugular vein for measurements 
of right atrial pressure, mean pulmonary artery pres- 
sure, PCWP, and cardiac output (CO), the latter in 
triplicate by thermodilution’ (Edwards Laboratory 
Cardiac Output Computer, Model 9520). A micro- 
manometer-tipped catheter (Millar Instruments, Inc., 
Model PC 350) was placed retrogradely in the left 
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ventricle (LV) via a femoral artery for direct LV pres- 
sure measurements and electronic derivation of 
LVdP/dt. The maximum LVdP/dt (LVdP/dt,..) was 
taken as the peak positive deflection of the LVdP/dt 
trace. Limb lead H of the electrocardiogram, heart rate 
(HR), arterial blood pressure, central venous pressure 
(CVP), pulmonary arterial pressure, LV pressure, and 
LVdP/dt were continuously recorded on a Hewlett 
Packard polygraph, Model 7758A. In addition, the 
ECG was intermittently recorded at fast paper speed 
(100 mm/sec) for measurement of PR intervals. Sys- 
temic vascular resistance and pulmonary vascular re- 
sistance (PVR), CI, stroke volume index, and stroke 
work index (SVI, SWI) were calculated. The blood 
samples were analyzed for plasma concentrations of 
epinephrine (EPI), norepinephrine (NEPI), and am- 
rinone by high performance Jiquid chromatography 
(12,13). After 60 min of stabilization with the anes- 
thetic (low enflurane or isoflurane), baseline cardio- 
vascular measurements were made and blood sam- 
ples taken (time 0). To test for effects of the amrinone 
solvent, group E received the solvent alone for 30 min 
in an amount equivalent to that used for the high 
amrinone infusion. After these measurements the 
protocol consisted of a series of 30-min periods (see 
the bottom of Fig. 1). The enflurane and isoflurane 
control groups, E and F, received a low concentration 
of anesthetic for 30 min followed by a high concen- 
tration for 60 min, after which time the anesthetic was 
decreased back to the lower level. In the combined 
groups, AE and AF, the anesthetic protocol was the 
same but amrinone was added at two rates for 60 min 
each: a low bolus plus infusion followed by a high 
bolus plus infusion. The anesthetic concentrations used 
were: “low” = 2.1-2.2% end-tidal enflurane or 
1.7-1.8% end-tidal isoflurane, and “high” = 3.4-3.5% 
end-tidal enflurane or 3.0-3.1% end-tidal isoflurane. 
The bolus and infusion rates of amrinone were: “low” 
= 2 mg/kg plus 30 pg-kg~*smin™' and “high” = 4 
mg/kg plus 100 wg-kg~'min~? (IVAC 230 infusion 
pump, IVAC Corporation). Amrinone was freshly 
dissolved in the solvent for each experiment; the bolus 
was injected over 2 min and the infusion was started 
at the same time. Measurements and blood samples 
were repeated at 25 and 30 min of each period: period 
I, low enflurane or isoflurane plus low amrinone; pe- 
riod I, high enflurane or isoflurane plus “low” am- 
rinone; period I, high enflurane or isoflurane plus 
high amrinone; period IV, low enflurane or isoflurane 
plus high amrinone; period V, amrinone off, low en- 
flurane or isoflurane; and period VI, low enflurane or 
isoflurane. In the anesthetic alone groups, E and F, 
the measurements and blood samples were taken at 
times equivalent to 25 and 30 min of each period I to 
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Figure 1. Hemodynamic measurements in the amrinone-enflurane 
(AE) group (©), and in the enflurane (E) alone group (x). Data are 
expressed as mean + SEM. Symbols: *P < 0.05 compared to time 
0. tP < 0.05 compared to the enflurane alone group. Low A and 
high A are the two different successive bolus and infusion rates of 
amrinone. Amrinone plasma levels shown are expressed as mean 
+ SEM (see text). 


VI. Blood samples for measurements of serum levels 
of potassium, sodium, calcium, chloride, and glucose 
were taken three times during each experiment: at 
baseline (time 0), 90 min after baseline measurements, 
and at the time of the final measurements. 

Changes with time in each group were analyzed 
by analysis of variance for repeated measures. The 
Bonferroni modified t-tests were used when analysis 
of variance for repeated measures indicated signifi- 
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Figure 2. Hemodynamic measurements in the amrinone-isoflurane 
(AF) group (©), and in the isoflurane (F) alone group (@). Data 
are expressed as mean + SEM. Symbols: *P < 0.05 compared to 
time 0. tP < 0.05 compared to the isoflurane alone group. Low A 
and high A are the two different successive bolus and infusion 
rates of amrinone. Amrinone plasma levels shown are expressed 
as mean + SEM (see text). 


cant differences. A nonpaired t-test was used to com- 
pare group AE to group E and group AF to group F. 


A P value less than 0.05 was considered statistically 
significant. 


Results 


There were no differences in any variable at the time 
of the baseline (time 0) measurements between AE 
and E or AF and F, or between the 25- and 30-min 
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Figure 3. Epinephrine (EPI) and norepinephrine (NEPI) values in 

e amrinone—enflurane (AE) and in the amrinone—isoflurane (AF) 
groups (@—-@), and in the enflurane (E) and isoflurane (F) alone 
gréups (Ml). Data are expressed as mean + SEM. Symbols: *P 
<"0.05 compared to time 0. +P < 0.05 when groups AE or AF were 
compared to groups E or F respectively. Low A and high A are 
the two different successive bolus and infusion rates of amrinone. 
Amrinone plasma levels shown are expressed as mean + SEM (see 
text). 


values for any variable in any group for any of the 
measurement periods. There were no differences 
among the low end-tidal anesthetic concentrations for 
‘pétiods I, IV, V, and VI or the high end-tidal anes- 
thetic concentration for periods II and III for either 
anesthetic. There were no significant changes caused 
by the amrinone solvent alone in group E. There were 
no differences between the mean amrinone plasma 
levels at the middle and end of each 60-min amrinone 
infusion with either anesthetic (period I = I; period 
lil = IV). Baseline (time 0) and successive 30-min 
values for HR, MAP, PCWP, LVdP/dtmax, CI, and SVR 
for groups AE and E, and for groups AF and F are 
given in Figures 1 and 2 respectively. End-tidal con- 
centrations of enflurane or isoflurane, and plasma 
concentrations of amrinone are given in each figure. 
Plasma catecholamine levels are shown in Figure 3. 


Anesthetic Alone 

In groups E and F, compared to low enflurane or low 
isoflurane, high enflurane or isoflurane significantly 
depressed cardiac function (Figs. 1 and 2). High en- 
flurane decreased the mean LVdP/dt,,,, from 1550 + 
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114 to 890 + 56 mm He/sec; CI from 4.3 + 0.5 to 2.5 
+ 0.3 Lmin~'sm~?; and MAP from 85 + 5 to 67 + 
3 mm Hg. In addition, high enflurane elevated CVP 
from 4 + 1 to 7 + 1 mm Hg and PCWP from 6 = 1 
to9 + 1mm Hg. High isoflurane decreased the mean 
LVdP/dtnax from 2495 + 167 to 1250 + 127 mm Hg/sec; 
CI from 6.0 + 0.6 to3.2 + 0.6 L-min~4m~?; and MAP 
from 93 + 4 to 67 + 4 mm Hg (period Il). These 
changes returned towards baseline values when en- 
flurane or isoflurane was later reduced (period IV),but 
never reached baseline levels in the case of CI or 
LVdP/dtmax No changes were observed in HR, PR 
interval, or PVR compared to time 0 during the changes 
in concentration for either enflurane or isoflurane. 


Anesthetic plus Amrinone vs Anesthetic Alone 


Period I: Low Anesthetic, Low Amrinone. Compari- 
sons were made between the values observed in groups 
AE or AF to the values for low anesthetic alone in 
groups E or F. At the low enflurane concentration, 
low amrinone (2.9 + 0.3 ug/ml) resulted in an in- 
creased LVdP/dtmax (2460 + 233 vs 1550 + 114 mm 
Hg/sec) and increased HR (141 + 4 vs 122 + 5 
beats/min). At the low isoflurane concentration, low 
amrinone (3.3 + 0.1 ug/ml) increased LVdP/dt,., (3715 
+ 256 vs 2495 + 167 mm Heg/sec). 


Period II: High Anesthetic, Low Amrinone. At the time 
of this measurement the amrinone plasma concentra- 
tions were 3.3 + 0.3 ug/ml in AE, and 4.1 + 0.1 ug/ml 
in AF. These lower levels of amrinone significantly 
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blunted the decreases in LVdP/dt,,,, and CI that were 
caused by the high enflurane alone (1360 + 88 vs 890 
+ 56 mm Hg/sec and 4.2 + 0.4 vs 2.5 + 0.3 
Lmin~'m~?, respectively). However, low levels of 
amrinone did not block the decreases in cardiovas- 
cular function caused by high isoflurane concentra- 
tions. 


Period Il]: High Anesthetic, High Amrinone. Amri- 
none plasma concentrations at the time of measure- 
ment in period HM were 10.4 + 1.0 ug/ml in AE, and 
12.3 + 0.4 pg/ml in AF. At high enflurane concen- 
trations, high amrinone caused a statistically signifi- 
cant vasodilation with reduced SVR (1111 + 127 vs 
2408 + 256 dynes-sec-cm~*); increased LVdP/dtnax 
(1960 + 166 vs 830 + 53 mm He/sec) and CI (5.3 + 
0.6 vs 2.1 + 0.2 L-min™'«m~*); and decreased CVP 
and PCWP (3 + 1 vs 8 + 1 mm Hg and 5 + 1 vs 
9 + 1mm Hg, respectively). In addition, in the AE 
group HR was faster (141 + 3 vs 122 + 4 beats/min), 
PR interval was shorter (97 + 7 vs 113 + 8 msec), 
and LVSWI was greater (28 + 3 vs 13 + 3 gm-m~*) 
than high enflurane alone. However, with low SVR, 
MAP was the same with high amrinone plus high 
enflurane as in the high enflurane-only group (61 + 
2 vs 61 + 4mm Hg). The findings were similar in the 
isoflurane groups for period III. In group AF com- 
pared to group F, SVR was lower (736 + 105 vs 2015 + 
162 dynes-seccm~°); LVdP/dtmax and CI were higher 
(3145 + 318 vs 1145 + 113 mm Hg/sec and 6.9 + 0.6 
vs 2.8 + 1.3 L-min™'m ~?, respectively); and CVP and 
PCWP were lower (3 + 1 vs 5 + 1mm Hg and 6 + 
lvs9 + 1mm Hg, respectively). Also in AF compared 
to F, HR was faster (149 + 5 vs 136 + 4 beats/min) 
and LVSWI was greater (31 + 2 vs 16 + 3 g.mm~?). 
However, with low SVR, MAP was the same with 
high amrinone plus high isoflurane as in the high 
isoflurane only group (56 + 3 vs 65 + 4 mm Hg). 
Pulmonary vascular resistance was significantly re- 
duced only with high amrinone during high anes- 
thetic (Period HI: 90 + 9 vs 167 + 28 dynes-seccm~> 
for AE vs E, and 100 + 13 vs 154 + 13 dynes-seccm™ 5 
for AF vs F). 


Period IV: Low Anesthetic, High Amrinone. The high 
amrinone plasma concentrations at this point were 
11.0 + 0.8 ug/ml in AE, and 14.1 + 0.7 ug/ml in AF. 
When high enflurane was reduced to low enflurane, 
compared to group E, group AE had a higher 
LVdP/dtmax, CI, and HR (2850 + 267 vs 1260 + 102 
mm Hg/sec; 5.3 + 0.7 vs 3.4 + 0.3 Lmin™\m~*; and 
148 + 3 vs 115 + 6 beats/min, respectively), and a 
lower CVP and PCWP (2 + 1vs5 + 1mm Hg, and 
4+ 1vs8 + 1 mm Hg respectively). The findings 
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for period IV were similar when high isoflurane was 
reduced to low isoflurane. Compared to group F, group 
AF had a higher LVdPédt,.ax, Cl, and HR (4720 + 225 
vs 1805 + 122 mm He/sec; 6.9 + 0.7 vs 4.4 + 0.5 
Lmin` im}; and 156 + 4 vs 137 + 2 beats/min, re- 
spectively), and a lower PCWP (4 + Tvs 7 + 1 mm 
Hg). However, at this time MAP in group AF was 
below that of group F (78 + 3 vs 94 + 4mm Hg). 


Period VI: Low Anesthetic, Amrinone Infusion Off. Sixty 
minutes after cessation of the amrinone infusions the 
amrinone plasma concentrations were still 6.8 + 0.5 
ug/ml in AE, and 9.1 + 0.3 ug/ml in AF. In AE, PCWP 
was still lower (4 + 1 vs 6 + 1 mm Hg) and LVdP/dtmax 
still higher (2320 + 189 vs 1240 + 116 mm He/sec) 
compared to group E. In group AF compared to group 
F., PCWP was still lower (5 + 1 vs 7 + 1 mm Hg) and 
LYdP/dtmax still higher (3780 + 176 vs 1655 + “133 
mm Hg/sec), and in addition, CI was still higher 6. 6 
+ 0.5 vs 3.6 + 0.4 Lmin~'m~? and SVR lower (1480 

+ 144 vs 2332 + 287 dynes-secccm~*) in AF. 

No arrhythmias were observed at any time in this 
study. EPI decreased with high enflurane or isoflur- 
ane alone. Amrinone did not raise EPI or NEPI levels 
with either anesthetic; NEPI was reduced in group 
AF compared to group F during periods I-II (Fig. 3). 
In all dogs serum electrolytes (potassium, sodium, 
calcium, and chloride), glucose, and hematocrit were 
ail within normal limits throughout the study. 


Discussion 

The dose-dependent myocardial depressant effects of 
inhalation agents in this study are consistent with 
those of other-canine and human studies (8-11,14). 
Although we did not perform MAC studies in these 
animals, our low anesthetic concentrations closely ap- 
proximate previously published values for the MAC 
of enflurane and isoflurane in dogs (15,16). Even at 
high concentrations of enflurane or isoflurane that 
caused marked cardiac depression, sufficient concen- 
trations of amrinone could blunt the deleterious. ef- 
fects of enflurane or isoflurane on myocardial func- 
tion, reduce SVR and PCWP, restore LVdP/dtnax,. and 
maintain CI. However, with reduced SVR, MAP re- 
mained low. Lowered blood pressure may limit the 
use of amrinone in patients with severe hypotension 
or with critical or near critical coronary artery disease. 
In regard to myocardial metabolic balance, whether 
reduced perfusion pressure may be outweighed by 
improved cardiac index, along with reduced cardiac 
afterload and reduced ventricular wall tension from 
a reduced preload, cannot be determined from this 
study. 
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‘In addition, another caveat would be that at lower 
enflurane or isoflurane concentrations, the high am- 
rinone concentrations in this study elevated LVdP/dt,nax 
and HR above baseline values. Thus, in the nonfailing 
heart, excessive amrinone, similar to excessive cate- 
cholamine doses, may be deleterious if myocardial 
oxygen supply is limited. Amrinone has proven clin- 
ically useful in the treatment of cardiac failure sec- 
ondary to ischemic heart disease where presumably 
decreased ventricular wall tension and decreased af- 
terload offset increases in contractility to result in a 
decrease in MVo, (17). 

The potent inhalation anesthetics are known to al- 
ter intracellular calcium homeostasis and have been 
shown to interfere with slow calcium channel func- 
tion as well. (18-20) Amrinone inhibits phosphodi- 
esterase, the enzyme responsible for the degradation 
of cyclic AMP. Increased intracellular cyclic AMP re- 
sults in an increased number of slow calcium channels 
in the favorable configuration for calcium influx (21). 
Increased inward calcium flux appears to be a major 
mediator of amrinone’s ultimate physiologic actions. 
In addition to these effects on the slow inward cur- 
rent, amrinone has also been demonstrated to alter 
the pattern of the rate of cardiac muscle relaxation 
and the ability of sarcoplasmic reticulum to sequester 
and directly or indirectly release calcium (22). Amri- 
none could partly counteract the effects of inhalation 
anesthetics by its positive inotropic action through 
enhanced Ca** influx through the slow channels 
caused by phosphodiesterase inhibition or by other 
mechanisms. 

During these studies no arrhythmias were seen in 
these previously healthy dogs. There is, at least from 
the theoretical viewpoint, a risk of arrhythmias with 
any drug that elevates intracellular levels of cyclic 
AMP as a part of its mechanism of action (23).This 
risk may be increased in patients with congestive heart 
failure because of the high frequency of malignant 
ventricular arrhythmias in this patient population (24). 
However during short-term intravenous therapy, the 
clinical significance of side effects remains controver- 
sial (25). Amrinone is not a catecholamine, nor did it 
cause a vasodilation-induced reflex increase in en- 
dogenous circulating catecholamines (Fig. 3). In the 
present study norepinephrine plasma levels were sig- 
nificantly lower in group AF than in group F after 
periods I-III; however, it is difficult to say from this 
experiment whether norepinephrine levels were lower 
secondary to direct effects of amrinone on compo- 
nents of the autonomic nervous system or on reflex 
pathways, or whether the norepinephrine levels de- 
creased secondary to improved cardiac function. 

| In patients with severe congestive heart failure, the 
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density of myocardial B-adrenergic receptors and re- 
sponsiveness to B-adrenergic agonists may be re- 
duced (26). Potentially, such patients may be rela- 
tively more responsive to agents acting distal to the 
B-adrenergic receptor, and so for these patients the 
noncatecholamine-mediated cardiotonic properties of 
amrinone-like drugs may be more suitable than the 
actions of sympathomimetic amines (27). 

The results of this study, showing that amrinone 
improved cardiac function depressed acutely by two 
levels of enflurane or isoflurane, suggest that in se- 
lected patients amrinone may be beneficial in the short- 
term treatment of perioperative depression of cardiac 
performance. 


The authors thank Sterling-Winthrop Laboratories, Rensselaer, New 


York, for supplying the amrinone; Owen Buchea and Tom Patin 
for technical assistance; and Tony Law and Mercedes Espiritu for 
performing the plasma assays. 
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A recently reported animal model of halothane-associated 
hepatotoxicity in males of a colored strain of guinea pig was 
further characterized as to possible sex and strain specificity 
in outbred albino Amana, inbred albino Hartley, inbred 
colored strain 2, and inbred colored strain 13 guinea pigs. 
Exposure to 1% halothane for 4 hr in 21% O; proved to be 
hepatotoxic in both sexes. Forty-eight hours after halothane 
. exposure fatty vacuolization of hepatocytes was present in 
all animals. Histologically identifiable hepatic necrosis oc- 
curred in 60% of the guinea pigs exposed, along with con- 
comitant increases in SGPT. Approximately one half of these 
responding animals had extenstve centrilobular necrosis, 
which was still present 96 hr after halothane exposure. Fe- 


Previous animal models of halothane-associated he- 
patic injury have used male rats and required exten- 
sive pretreatments and manipulations in order to 
produce hepatotoxicity: hepatic enzyme induction (1,2), 
fasting (3), triiodothyronine pretreatment (4), and 
varying degrees of hypoxia during exposure (2,3,5). 
Such manipulations have led to questions not only 
about the mechanisms of toxicity involved (5-8), but 
also the relevance of the models to the human situ- 
ation of halothane-associated hepatic dysfunction (9). 
-= Recently, Lunam et al. reported an animal model 
of halothane hepatotoxicity in males of a colored strain 
of guinea pig (10). This model requires no treatment 
prior to a 4 hr exposure to 1% halothane and permits 
oxygen concentrations during exposure ranging from 
ambient (21% O3) to hyperoxic (80% O-) conditions. 
In addition, liver necrosis was not present until 48 hr 
after exposure, with approximately one third of the 
treated animals developing significant centrilobular 
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males of the inbred strain 2 and males and females of strain 
13 were the most susceptible to halothane-induced hepatic 
necrosis whereas the inbred Hartley strain was almost to- 
tally refractory to necrosis. Outbred Amana and male inbred 
strain 2 animals exhibited an tntermediate hepatotoxic re- 
sponse. Comparison of the halothane-associated hepatic le- 
sion with that induced by anoxiclischemic mechanisms, (ex- 
posure to low (8%) oxygen during 1.7% enflurane anesthesia) 
showed obvious differences in the morphology of the hepatic 
necrosis and the apparent time course of lesion development. 
This guinea pig model of halothane-associated hepatotoxicity 
appears to be superior to previous animal models in that no 
pretreatment of the guinea pigs is required, both sexes are 
affected, and the resulting hepatic lesion is more persistent. 


Key Words: ANESTHETICS, voLatm_e—halothane, 
enflurane. LIVER—hepatotoxicity. 


necrosis (10). Because only male guinea pigs of a sin- 
gle strain were evaluated, we have undertaken fur- 
ther characterization of this model with regard to sex 
and strain specificity. The resulting hepatic lesion has 
been evaluated for the chronology of its development 
and has also been compared to hepatic necrosis 
produced by anoxic/ischemic mechanisms (6). 


Methods 


Male and female guinea pigs of the albino outbred 
Amana and inbred Hartley strains and colored inbred 
strains 2 and 13, all weighing 400-700 g, were ob- 
tained from a long established colony at the Univer- 
sity of Arizona. All animals were housed in stainless 
steel cages and maintained on a 12 hr light/dark cycle 
at a room temperature of 22°C. Food and water were 
provided ad libitum. Their diet was also supple- 
mented with fresh cabbage three times a week. 

The guinea pigs were anesthetized in groups of 
6-10 animals with 1% (v/v) halothane (Ayerst Labo- 
ratories, New York, NY) for 4 hr in a 180 L plexiglass 
exposure chamber equipped with a circulating fan. 
The anesthetic was delivered at a flow rate of 6 L/min 
via a Vernitrol vaporizer (Ohio Medical Products, 
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Madison, WI). The oxygen concentration was main- 
tained at 21% Oz (balance N2) and monitored with a 
polarographic oxygen electrode. Anesthetic concen- 
tration was checked at regular intervals by gas chro- 
matography. To help maintain body temperature dur- 
ing anesthesia the animals were warmed by two 20- 
W heaters attached to the underside of the metal plate 
that served as the floor of the exposure chamber. Body 
temperatures were monitored using rectal probes at- 
tached to a telethermometer (Yellow Springs Instru- 
ments, Yellow Springs, OH) and were decreased only 
1.5-3.5°C during the 4 hr exposure period. Control 
animals (n = 9) were untreated and included males 
and females from mE Amana, Hartley, and strain 13 
strains. 

Forty-eight ioi after the end of the anesthetic 
exposure the animals were killed by cervical dislo- 
cation while under deep ether anesthesia. Blood was 
drawn from the inferior vena cava at the juncture with 
the hepatic vein and subsequently centrifuged to ob- 
tain serum. Serum glutamate pyruvate transaminase 
(SGPT) levels were determined (Sigma Technical Bul- 
letin No. 55-UV; Sigma Chemical Company, St. Louis, 
MO) and expressed in Wroblewski-LaDue (W-L) units. 
SGPT in control animals (n = 9) was 22 + 5 U/ml, 
X + sp; the range was 17-31. SGPT values greater 
than 35 U/ml were considered above the normal range. 

Sections of hepatic tissue were prepared for his- 
topathologic evaluation by fixation in 10% phosphate 
buffered formalin followed by processing into 5 wm 
thick paraffin sections that were stained with hema- 
toxylin and eosin. In order to detect the presence of 
fat vacuoles within hepatocytes, fixed hepatic tissue 
was placed in a solution of equal parts 5% potassium 
dichromate and 1% osmium tetroxide for 6 hr before 
further processing (11). 

Evaluation of the chronology of development and 
resolution of the hepatic lesion was carried out by 
exposing separate groups of male and female Hartley 
and strain 13 guinea pigs to halothane under condi- 
tions of the model and subsequently killing them at 
0, 6, 12, 24, 48, 72, and 96 hr, as well as 7 days after 
exposure. At each time point four animals were killed, 
two Hartley and two strain 13 animals. Selection of 
these two strains in evaluating the time course was 
based on initial studies of halothane-induced hepa- 
totoxicity 48 hr after exposure. Strain 13 guinea pigs 
developed significant levels of hepatic necrosis, 
whereas the inbred Hartley strain developed only mi- 
nor hepatic changes after halothane exposure. Thus 
the time course of both mild and severe hepatic injury 
could be evaluated. Again, both serum samples and 
hepatic tissue sections were collected from each ani- 
mal. 
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Figure 1. SGPT levels 48 hr after halothane exposure in both sexes 
of four strains of guinea pig. *P < 0.05 vs control values for the 
same sex. **P < 0.05 vs other sex of the same strain. n values in 
bars. 


Sera collected during the time course experiments 
were also used for measurement of inorganic fluoride 
ion content as an indicator of the reductive metabo- 
lism of halothane that occurred during exposure. 
Measurement of serum inorganic fluoride was done 
with Orion selective ion electrodes (Orion Research, 
Cambridge, MA). 

The morphology of the halothane-associated lesion 
was compared with hepatic necrosis produced by an- 
oxic/ischemic mechanisms. In order to produce an- 
oxic/ischemic hepatic injury, a group of guinea pigs 
(n = 10, composed of five female Amana and five 
female strain 13 animals) was exposed to 1.7% en- 
flurane (Ohio Medical Products, Madison, WI) for 4 
hr at an oxygen concentration of 8% O while being 
warmed to help maintain body temperature, condi- 
tions similar to those previously shown to cause an- 
oxia-related hepatotoxicity in rats (6). One-half the 
animals were killed immediately after exposure to ob- 
serve any immediate effects of the enflurane expo- 
sure; the other half were killed 48 hr later to allow 
comparison of the anoxic/ischemic-related hepatic le- 
sion to necrosis induced by halothane exposure: 

All values are reported as the X + sp with statistical 
analyses made using analysis of variance (ANOVA) 
with a Newman-Keuls multiple comparison proce- 
dure or a one-tailed Student's t-test when applicable. 
Due to increasing standard deviations with increasing 
means, the log of SGPT values was used for analysis 
(12). 


Results 

Guinea pigs were used in experiments as they were 
made available from the breeding colony, leading to 
wide variations in the numbers of animals in each 
group evaluated (Fig. 1, Table 1). 
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Table 1. Percentage of Guinea Pig Strains/Sexes with 


Hepatic Necrosis 48 Hours after Halothane Exposure" 


e Percent responding?’ 


Mild to 
Strain Sex n moderate‘ Severe” Total® 
Amana M 14 57 14 7i 
F 8 13 37 50 
Hartley M 6 50 0 50 
F 6 0 0 0 
Strain 2 M 12 42 8 50 
F 4 0 100 100 
Strain 13 M 6 33 50 83 
E 8 37 50 87 
Total 64 34 27 61 


1% Halothane, 4 hr, 21% O- 

from histopathologic evaluation of blinded H&E-stained hepatic tissue 
slides 48 hr after halothane exposure. 

‘Histopathology gy ranging from scattered foci of necrosis to limited areas 
of centrilobular necrosis 

‘Extensive centrilobular necrosis 

‘Total percentage of animals mainte hepatic necrosis. 


Blind histopathologic evaluation (Fig. 2) of coded 
slides by a pathologist (P.H.) revealed distinct levels 
of hepatotoxic response at 48 hr after exposure that 
allowed classification of halothane-exposed animals 
into 3 groups: nonresponsive animals exhibiting no 
hepatic necrosis; a mild to moderate response that 
ranged from scattered small foci of necrosis to minor 
limited centrilobular necrosis (Fig. 3); and a “severe” 
response that involved extensive centrilobular necro- 
sis (Fig. 4). The SGPT values in each of these three 
groupings proved to be significantly different from 
one another, while elevations in SGPT in the mild to 
moderate and severe responding groups were signif- 
icantly different from control values (Fig. 2). 

Both male and female guinea pigs from the Amana 
strain and strains 2 and 13 developed varying degrees 
of hepatic injury 48 hr after exposure to halothane, 
with members of each group displaying “severe” he- 
patic necrosis (Fig. 1, Table 1). None of the female 
inbred Hartley guinea pigs had any evidence of he- 
patic injury after halothane exposure (Fig. 1, Table 1). 
The male inbred Hartley strain showed little hepa- 
totoxic response to halothane exposure with three of 
six animals exhibiting a few scattered foci of necrosis 
and only a slight, nonsignificant elevation in SGPT at 
48 hr (Fig. 1, Table 1). Female inbred strain 2 guinea 
pigs and both males and females of the inbred strain 
13 proved to be the most sensitive to hepatic damage 
after halothane exposure; all four female strain 2 and 
one-half of the strain 13 animals developed severe 
hepatic necrosis (Table 1). These three groups also 
had the highest 48 hr SGPT levels among the exposed 
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Figure 2. Comparison of histopathologic evaluation with SGPT 
levels 48 hr after halothane exposure. *Control, untreated animals; 
*Nonresponding, histopathologic analysis demonstrated no liver 
necrosis; “Mild to moderate, histopathology ranging from scattered 
foci of necrosis to limited areas of centrilobular necrosis; “severe, 
extensive centrilobular necrosis. *P < 0.05 vs both control and 
nonresponding values. **P < 0.05 vs mild to moderate values. n 
values in bars. 


animals with values significantly greater than those 
in untreated control animals (i.e. control SGPT in 
males = 23 + 6 U/ml, n = 5; in females = 21 + 5 
U/ml, n = 4) (Fig. 1). Unfortunately, because of prob- 
lems with the availability of female strain 2 animals, 
only four could be evaluated, which casts doubt on 
the significance of the degree of their response. Al- 
though individual members of both sexes of Amana 
guinea pigs and male strain 2 animals developed se- 
vere hepatic necrosis (Table 1) with fivefold to tenfold 
elevations in SGPT levels, the wide variation in hep- 
atotoxic response within these groups prevented sig- 
nificant differences from control SGPT values (Fig. 1). 
Only strain 2 animals had different hepatotoxic re- 
sponses in males and females, with males having sig- 
nificantly lower 48 hr SGPT values and a lesser inci- 
dence of hepatic necrosis than females. (Fig. 1, Ta- 
ble 1). 

Monitoring the degree of reductive biotransfor- 
mation of halothane by measurement of plasma in- 
organic fluoride levels showed no correlation between 
serum fluoride-level and animals of either strain (inbred 
Hartley, inbred strain 13) or between sexes. Serum 
fluoride levels were elevated to 3-8 uM (5.4 + 2.0 
uM, n = 4) above background levels immediately 
after halothane exposure and were 6.8 + 2.3 uM 6 
hr later. These values returned to background levels 
within 24 hr, . 

Immediately after halothane exposure, the liver was 
morphologically normal. In evaluating the time course 
of development of halothane associated hepatic dam- 
age, a single salient feature was noted common to all 
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exposed guinea pigs: fatty vacuolization of hepato- 
cytes identified by an osmium tetroxide stain. De- 
veloping fat vacuoles were found within hepatocytes 
6 hr after exposure. By 24 hr the severity of fatty 
vacuolization ranged from a few tiny droplets in cen- 
trilobular cells to extensive vacuolization of nearly all 
hepatocytes (Figs. 3,4). Fat vacuoles were still present 
within hepatocytes 7 days after halothane exposure. 
Although all guinea pigs with severe necrosis had 
extensive fatty vacuolizaticn, one third of the non- 
responding animals that had no necrosis 48 hr after 
halothane exposure had extensive fatty vacuolization 
of hepatocytes. Thus the presence of fat droplets was 
not considered indicative of the degree of hepatic ne- 
crosis. 

In the guinea pig strain (strain 13) that tended to 
develop severe necrosis, only the evolution of fatty 
vacuolization of hepatocytes was found up to 24 hr 
after halothane exposure. At 24 hr SGPT levels were 
not elevated, but an occasional degenerating hepa- 
tocyte was seen. At 48 hr after halothane exposure, 
extensive centrilobular necrosis was present with an 
associated infiltration of inflammatory cells composed 
primarily of lymphocytes and a few neutrophil po- 
lymorphs (Fig. 4). Increasing numbers of inflamma- 


Figure 3. Mild hepatic injury in the form of focal hepatocyte ne- 
crosis (arrows) seen in the liver lobules of a female Amana guinea 
pig 48 hr after exposure to 1% halothane, 21% Oy for 4 hr. Fatty 
vacuolization of hepatocytes is also evident (H&E x 400). 


tory cells were apparent in the necrotic areas at 96 hr 
with SGPT levels remaining elevated above 100 U/ml. 
By 7 days after exposure SGPT values had returned 
to normal accompanied by resolution of most areas 
of necrosis. 

As opposed to animals developing severe necrosis, 
the mildly responding animals developed scattered 
foci of necrosis between 12 and 24 hr after exposure 
(Fig. 3), although elevations in SGPT did not exceed 
the upper limit of normal values (35 W-L U/ml) until 
48 hr. Even then, SGPT levels were less than 60 U/ml. 
The foci were still present 96 hr after exposure, but 
were not noted at 7 days. 

The hepatic lesion produced by hypoxic/ischemic . 
mechanisms, i.e., low oxygen enflurane exposure, 
presented a very different appearance and chronology 
of development than that occurring after halothane 
exposure. Immediately after enflurane exposure wa- 
tery vacuolization of centrilobular hepatocytes was 
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Figure 4. Extensive hepatic centrilobular necrosis seen in a female 
strain 13 guinea pig 48 hr after exposure to 1% halothane, 21% O, 
for 4 hr. The surviving hepatocytes at the periphery of the liver 
lobule show fatty vacuolization (H&E x 160). 


evident and one of five animals had an SGPT value 
elevated beyond the normal range (SGPT = 50 U/ml). 
Liver necrosis 48 hr after enflurane exposure pre- 
sented itself as distinct areas of coagulative necrosis 
surrounded by inflammatory cells in three of five an- 
imals (SGPT = 32 + 8 U/ml, n = 5) (Fig. 5). These 
areas of coagulative necrosis were spotty in occur- 
rence, often subcapsular and panlobular in nature. 
There was no correlation between the degree of ne- 
crosis present and elevation in SGPT levels. 


Discussion 


Under conditions of the recently reported model of 
halothane associated hepatic necrosis in males of a 
colored strain of guinea pig, we found halothane to 
be hepatotoxic in both sexes of three out of four strains 
of guinea pig investigated (Fig. 1, Table 1). The degree 
of necrosis within the liver 48 hr after halothane ex- 
posure correlated well with increases in SGPT levels 


(Fig. 2). Approximately one third of all animals ex- 
posed developed extensive centrilobular necrosis (Ta- 
ble 1). This percentage is similar to results obtained 
by Lunam et al. (10), although three of the groups 
investigated in the present study had higher per- 
centages of animals with severe hepatic necrosis: inbred 
strain 2 females (100%); inbred strain 13 males; and 
strain 13 females (50%) (Table 1). On the other hand, 
inbred Hartley guinea pigs were almost totally re- 
fractory to halothane-induced necrosis. Although the 
outbred Amana strain and males of the inbred strain 
2 included animals that developed severe hepatic ne- 
crosis after halothane exposure (Table 1), on the whole 
they did not have statistically significant elevations in 
48 hr SGPT levels (Fig. 1) because of large variations 
in response within the groups. The reasons for the 
wide differences in hepatotoxic responses within as 
well as between groups is unknown at this time, but 
could provide a valuable tool in future investigations 
of mechanisms of toxicity. Likewise, caution should 
be taken to ensure that one possesses either a “‘re- 
sponding” or “nonresponding”’ strain of guinea pig 
before undertaking biochemical or mechanistic stud- 
ies. 

Reductive biotransformation of halothane by the 


HALOTHANE HEPATOTOXICITY 


ANESTH ANALG 227 
1987;66:222-8 





guinea pigs was evident by the elevated serum in- 
organic fluoride levels immediately after halothane 
exposure. Lunam et al. reported excretion of in- 
creased amounts of inorganic fluoride in the urine of 
guinea pigs after halothane exposure with oxygen 
concentrations as high as 80% O» (10). This finding 
is parallel to the situation of reductive biotransfor- 
mation of halothane in humans during anesthesia with 
high oxygen tensions (13,14). It may be that regions 
of the guinea pig liver are in a hypoxic state during 
halothane exposure regardless of the concentration of 
oxygen inspired (15). 

In other animal models of halothane-associated he- 
patic injury, reductive metabolism has been impli- 
cated as a possible mechanism of hepatotoxicity (2,7,13). 
In guinea pigs, no difference was found in serum 
inorganic fluoride levels after halothane exposure be- 
tween responding (strain 13) and nonresponding 
(inbred Hartley) strains. Lunam et al. also failed to 
show any correlation between the amount of inor- 
ganic fluoride excreted in the urine of guinea pigs 
over 24 hr after halothane exposure and the degree 
of hepatic necrosis present at 48 hr (10). However, it 
was demonstrated that inhibition of halothane me- 
tabolism during exposure by prior administration of 


Figure 5. Localized area of hepatic panlobular coagulative necrosis 
seen in a female Amana guinea pig 48 hr after exposure to 1.7% 
enflurane, 8% O- for 4 hr. A mild inflammatory cell infiltrate is 
seen at the periphery of the necrotic tissue (H&E x 160). 


SKF-525A prevented subsequent development of se- 
vere necrosis (10). Although it would seem that the 
degree of reductive biotransformation taking place 
during halothane exposure is not a factor in the later 
expression of hepatic necrosis, other aspects of halo- 
thane metabolism or cell homeostasis may well be 
involved. 

Although the time course data presented is rather 
preliminary due to the small numbers of animals eval- 
uated, a distinct difference in both the time course of 
development and the morphology of the final lesions 
was seen between the hepatotoxicity induced by halo- 
thane exposure or by anoxic/ischemic mechanisms (low 
oxygen, enflurane exposure). In halothane-exposed 
animals, the development of extensive centrilobular 
necrosis with a concomitant increase in SGPT levels 
did not occur until 24-48 hr after exposure (Fig. 4). 
SGPT values remained elevated through 96 hr with 
infiltration of increasing numbers of inflammatory cells 
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into the necrotic areas. ‘The anoxic/ischemic injury, on 
the other hand, showed watery vacuolization of cen- 
trilobular hepatocytes in five pf five animals and el- 
evation of SGPT levels in one of five immediately after 
the exposure period, a response typical of this type 
of injury (6,16). The lack of a greater hepatotoxic re- 
sponse to the anoxic/ischemic episode may be due to 
the fact that the animals did not fast overnight before 
exposure (3,6,17). However, the effect of fasting on 
the susceptibility to anoxic/ischemic hepatic injury in 
guinea pigs is not yet known. At 48 hr after enflurane 
exposure, well developed coagulative hepatic necro- 
sis was present that was spotty in occurrence and 
panlobular in nature (Fig. 5). This type of necrosis 
typically develops rapidly after an anoxic'ischemic in- 
sult (6,16). These dissimilarities between halothane 
and anoxic/ischemic-induced hepatic lesions in chro- 
nology of evolution and final morphology imply that 
decidedly different mechanisms of action must be at 
work. 

Although the cellular and molecular mechanisms 
involved in the production of hepatic necrosis in halo- 
thane-exposed guinea pigs remain to be elucidated, 
this animal model of halothane-associated hepatotox- 
icity appears to have advantages over previous rat 
models of the disease. Reductive biotransformation 
of halothane occurs during anesthetic exposure even 
under high (80%) oxygen concentrations (10). No pre- 
treatments or extensive manipulations are required to 
produce hepatic necrosis after halothane exposure. 
Hepatic damage occurs in both sexes and is more 
persistent than in rat models (4,18). Fatty vacuoliza- 
tion of hepatocytes develops in all animals exposed. 
Thus guinea pigs appear to resemble humans more 
closely than rats do with regard to halothane metab- 
olism (10,13,14) and the acute, mild, hepatic dys- 
function associated with clinical halothane anesthesia 
(19,20). 


We wish to thank Mrs. Patricia Kime for her assistance in preparing 
and typing this manuscript. 
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The cardiovascular effects of adenosine-induced hypotension 
were studied in 47 patients undergoing intracranial vas- 
cular surgery under neurolept anesthesia. Adenosine in- 
fusion (214 + 18 ugkg 'min ') decreased mean arterial 
pressure (MAP) by 42 + 1% from 80 + 1 to46 + 1 mm 
Hg for an average of 29 + 5 min of hypotension. Hypo- 
tension was associated with a minor increase in heart rate 
(13 + 2%) and with prolongation of the PR interval (9 + 
2%). ST-T depression did not occur except in one patient 
with a previous history of myocardial infarction. The aden- 


osine-induced increase in cardiac index (42 + 9%, n = 7) 
was associated with a 63 + 10% decrease in systemic vas- 
cular resistance index (n = 7) while the pulmonary capillary 
wedge pressure remained unchanged. Adenosine metabo- 
lism was limited and there was no accumulation of the end 
metabolite, uric acid. Serum creatinine levels were normal 
in all patients postoperatively. We conclude that adenosine 
rapidly induces a stable and easily controlled hypotension 
in man without tachyphylaxis or rebound hypertension. 
There were no signs of renal or myocardial dysfunction 
except for dysrhythmias that occurred in two patients with 
a history of myocardial infarction. 


Key Words: ANESTHETIC TECHNIQUES—adeno- 
sine. ANESTHESIA—neurosurgical. 





During the dissection and clipping of cerebral arterial 
aneurysms, controlled hypotension is often required 
in order to reduce the aneurysm wall tension, thus 
minimizing the risk of rupture and bleeding (1). Con- 
trolled hypotension is also used to reduce bleeding 
during other forms of major surgery. Vasodilators such 
as sodium nitroprusside (SNP) and nitroglycerin (TNG) 
are currently used for this purpose. However, neither 
of these are ideal as hypotensive agents; SNP may be 
associated with side effects such as tachyphylaxis and 
rebound hypertension (2,3), and TNG has a slow on- 
set and less predictable action. Adenosine is a vaso- 
dilator in most vascular beds (4,5) involved in the local 
regulation of tissue blood flow (6). In dogs, adenosine 
induces a stable and easily controlled hypotension 
without signs of tachyphylaxis, effected by a marked 


This study was supported by grants from the Swedish Medical 
Research Council (Project No. 7485), the Swedish Association against 
Heart and Chest Diseases, the Swedish Society for Medical Sci- 
ences, Wiberg’s Foundation, and the Karolinska Institute. 

Received from the Departments of Anesthesia and Neurosur- 
gery, Karolinska Hospital, Stockholm, Sweden. Accepted for pub- 
lication September 25, 1986. g 

Address correspondence to Dr. Owall, Department of Anes- 
thesia, Karolinska Hospital, Box 60500, S-104 01 Stockholm, Swe- 
den. 


reduction of the systemic vascular resistance (7). In a 
previous clinical study, we used the adenosine uptake 
inhibitor dipyridamole to minimize the dose require- 
ments of adenosine (8). The present study evaluates 
the clinical usefulness and side effects of adenosine- 
induced hypotension in the absence of dipyridamole 
in a large group of patients undergoing surgery for 
intracranial aneurysm ligation. 


Patients and Methods 


Forty-seven patients (20 women and 27 men) were 
studied, 6-15 days after admission for a subarachnoid 
hemorrhage (SAH). Forty-six cases were scheduled 
for intracranial aneurysm surgery and one was op- 
erated on for an intracranial arteriovenous malfor- 
mation. Mean age was 43 + 2 (SEM) yr (range 21-72 
yr). The investigation was approved by the Ethical 
Committee of the Karolinska Hospital and performed 
after informed consent had been obtained from the 
patients. 

Two patients had a history of myocardial infarction 
9 and 13 yr before the SAH. Two patients had mild 
arterial hypertension which was treated with B-ad- 
renergic blockers. Forty-three patients had no history 
of cardiopulmonary disease. Preoperative 12-lead ECG 


was normal in 29 subjects. The two postinfarct pa- 
tients had ECG signs of earlier myocardial damage. 
Sinus bradycardia was present in seven patients. Eight 
patients had minor ST-T abnormalities presumably 
caused by their SAH, and the ECG in one case showed 
right bundle branch block. 

One hour before operation, the patients were orally 
premedicated with diazepam, 10-20 mg. Atropine, 
0.5 mg, and droperidol, 0.1 mg/kg, were given intra- 
venously before induction. Anesthesia was induced 
with thiopental, 5 mg/kg, followed by 1-2 mg pheno- 
peridine, a synthetic opiate with longer duration but 
lower analgesic potency than fentanyl. Pancuronium 
bromide, 0.1 mg/kg, was given to facilitate tracheal 
intubation. Anesthesia was maintained with incre- 
mental doses of phenoperidine and droperidol when 
required. Controlled hyperventilation was employed 
with N20 in O- (Fio, 0.4) to maintain Paco, values at 
approximately 3.5 kPa (26 mm Hg). Mannitol, 1-1.5 
g/kg, was given routinely at the start of operation. 
The patients were operated on in the supine hori- 
zontal position. 

A 1.0-mm plastic cannula was inserted percuta- 
neously into the left radial artery for blood pressure 
monitoring (MAP) and for blood sampling. In seven 
patients a balloon-tipped, flow-directed, quadruple- 
lumen Swan—Ganz® catheter (Model 93A-831-7.5F, VIP) 
was inserted percutaneously via the left basilic vein, 
and its correct position in the pulmonary artery was 
determined by pressure tracings. The catheter was 
used for the monitoring of central venous pressure 
(CVP), mean pulmonary artery pressure (PAP), pul- 
monary capillary wedge pressure (PCWP) and for the 
determination of cardiac output and the infusion of 
adenosine. In the remaining 40 patients a 1.7-mm 
catheter was inserted percutaneously via the left ba- 
silic vein, and its correct position in the superior vena 
cava was determined by pressure recordings. The 
catheter was used for CVP monitoring and infusion 
of adenosine. 

The ECG was monitored with a standard chest (Vs) 
lead. Heart rate was determined from the R-R inter- 
val. The PR interval was also determined, and the 
position of the ST-T segment was recorded 80 msec 
after the QRS complex. Blood pressures were re- 
corded via transducers in the midthoracic level. Car- 
diac output was determined in triplicate according to 
the thermodilution technique with a cardiac output 
computer (Edwards Lab. model 9510A). Isotonic glu- 
cose, 10 ml at 1°C, was used as thermal indicator. The 
ECG, heart rate, and blood pressures were continu- 
ously recorded on a Grass® polygraph. 

Blood gas tensions were measured with appropri- 
ate electrodes for pH, Pco, and Po, (Radiometer, 
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Copenhagen). The hemoglobin concentration was de- 
termined spectrophotometrically. Samples for the de- 
termination of plasma levels of the adenosine metab- 
olites hypoxanthine, xanthine, and uric acid were 
collected as described by Sollevi et al. (9) and were 
analyzed in plasma by HPLC according to the method 
of Schweinsberg and Loo (10). Measurements were 
made and blood samples obtained immediately before 
hypotension, as close as possible to the termination 
of the infusion, and 20-30 min thereafter. 

Adenosine (20 mM, 5.3 mg/ml) in isotonic saline 
was administered by continuous infusion (Critikon 
roller pump 2102 A) into the superior vena cava dur- 
ing 5-182 min (x = 31.7 + 4.6 SEM), at a rate of 88-530 
ugkg`'min™! (x = 214 + 18, corresponding to 
15.5 + 1.5 mg/min). The infusion was started at 40 
ugkg~'min~' and was increased stepwise by 40 
gkg 'min™t at 30-sec intervals until the desired MAP 
level of 40-50 mm Hg was reached. The correspond- 
ing volume of infused adenosine solution ranged from 
1 to 7 ml/min (x = 2.9 + 0.3). The total adenosine 
dose did not exceed 2 g except in one patient who 
received 6.6 g of adenosine during a 3-hr controlled 
hypotension. 

In all patients serum creatinine levels were deter- 
mined the day before and the day after surgery. In 
six patients creatinine clearance was determined the 
day before and the day after the operation. 


Calculations 


Body surface area (BSA) was calculated from standard 
nomograms. Cardiac index (L-min~!«m~?) was cal- 
culated as cardiac output/BSA. Systemic vascular re- 
sistance index (SVRI) was derived from the formula 
SVRI (mm Hg-L~'-min-m’?) = (MAP — CVP)cardiac 
index, and pulmonary vascular resistance index (PVRI) 
was derived from the formula PVRI (mm 
Hg-L~*min-m?) = (PAP — PCWP)/cardiac index. 


Statistics 

Data are presented as means + SEM. The statistical 
significance of comparisons made was determined by 
Student's t-test for paired data. A P value of less than 
0.05 was regarded as significant. 


Results 


The induction of controlled hypotension commenced 
241 + 9 min after initiation of anesthesia, during dis- 
section and clipping of the aneurysms. The prede- 
termined MAP level of 40-50 mm Hg was reached 
within 2.8 + 0.3 min of adenosine infusion. MAP was 


ADENOSINE-INDUCED HYPOTENSION IN HUMANS 


Table 1. Hemodynamic and ECG Variables before, 
during, and 20-30 min after Adenosine-Induced 
Hypotension in 47 Patients 








Before During After 
adenosine adenosine adenosine 

MAP (mm Hg) 80 + 1 46 + I 81 + 1 
Heart rate (beats/min) 60 + 1 66 = 2 6a 2 
CVP (mm Hg) 4.5 + 0.4 a7 +05 4.9 + 0.4 
P-R interval (msec) 16) & 2 Irs is; = 5 
ST-T depression (mm) 0.4 + 0.1 0.6 + 0.1 0.6 + 0.1 


Abbreviations: MAP, mean arterial blood pressure; CVP, central venous 
pressure. 

aP < 0.05, significantly different from before adenosine values. 

tP < 0.01, significantly different from before adenosine values. 


reduced by 42 + 1%, from 80 + 1 to 46 + 1mm Hg 
(Table 1). Once the desired blood pressure level was 
reached, MAP was kept constant without adjust- 
ments of the infusion rate. The mean hypotensive 
period lasted 29 + 5 min. MAP was restored to the 
prehypotensive levels (Table 1) within 0.5-3 min after 
the termination of adenosine infusions, except in two 
patients in whom the prehypotension MAP level was 
not restored until 10 and 14 min after termination due 
to arrhythmias (see below). Rebound hypertension 
did not occur in any of the cases. 

Central venous pressure decreased 16 + 7% (n = 
47, Table 1), while no changes in PAP or PCWP were 
seen in the seven patients with a pulmonary artery 
catheter (Table 2). Cardiac index increased 42 + 9% 
in combination with a 63 + 4% decrease in SVRI. 
There was also a reduction in PVRI (39 + 24%, Ta- 
ble 2). 

The influence of adenosine on the blood gas ten- 
sions and acid—base balance was small, with pH, base 
excess, and Paco, unaffected while Pao, decreased 
12 + 5% (Table 3). There was a small increase of the 
adenosine metabolites hypoxanthine and uric acid 
during the adenosine infusion; however, xanthine 
levels were unaffected (Table 4). Twenty minutes after 
the termination of the infusion, hypoxanthine and 
uric acid levels remained slightly above baseline val- 
ues. The total dose of adenosine administered did not 
correlate with the small variation in the metabolite 
levels (data not shown). The preoperative serum cre- 
atinine level was 78 + 2 umol/L and the creatinine 
clearance in six patients was 86 + 4 ml/min. On the 
first postoperative day the serum creatinine was 
75 + 2 pmol/L and the creatinine clearance values 
were within normal values in all cases (88 + 6 ml/min). 

There was a minor but statistically significant in- 
crease in heart rate (8 + 1 beats/min, Table 1). The 
PR interval increased 9 + 2% during hypotension. In 
three patients the PR interval exceeded 210 msec, in- 
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Table 2. Central Hemodynamic Variables before, during, 
and 20-30 min after Adenosine-Induced Hypotension in 
7 Patients 








Before During After 
adenosine adenosine adenosine 


I —i——ni«>—m 


Cardiac index 


(Lmin 'm >?) $g 02 3620r 20233 
PAP (mm Hg) 2il Bta 3 = 1 
PCWP (mm Hg) S27 8+ 2 7 ey 
SVRI (mm HgL '-min-m?) AEJ HE 7&3 
PVRI (mm HgL-'minm?’) 1.9 + 0.4 1.3 + 0.4 2.1 + 0.4 


Abbreviations: PAP, mean pulmonary artery pressure; PCWP, pulmo- 
nary capillary wedge pressure; SVRI, systemic vascular resistance index; 
PVRI, pulmonary vascular resistance index. 

ap < 0.05, significantly different from before adenos:ne values. 

"P < 0.01, significantly different from before adenos:ne values. 


dicating atrioventricular block type 1. One subject 
developed junctional rhythm during hypotension. 
The influence on AV conduction was dose-depen- 
dent; however, AV block type 1 or junctional rhythm 
occurred at variable infusion rates (140-350 
gkg ‘min ~'). ST-T segments were not affected, ex- 
cept in one of the two patients with previous myo- 
cardial infarction. This patient developed ST-T seg- 
ment depression followed by ventricular tachycardia 
(for 2 min) approximately 5 min after the induction 
of hypotension. In this patient, a normal rhythm and 
ECG were restored after termination of the adenosine 
infusion and after the IV injection of lidocaine, 75 mg. 
The incident did not affect the clinical course of the 
subject and postoperative ECGs and myocardial en- 
zyme determinations showed no evidence of myo- 
cardial infarction. The other patient with a previous 
myocardial infarction developed atrial flutter, which 
was terminated during hypotension by the adminis- 
tration of IV propranolol (1 mg). 

There were two deaths, both postoperative, in this 
series of patients, but adenosine was not considered 
to be involved in the fatal outcome in either of these 
cases. One patient with several cerebral aneurysms 
had a perioperative aneurysm rupture during the dif- 
ficult surgical dissection and ligation procedure. The 
hypotension period lasted for 180 min. This patient 
was awake without neurologic deficits immediately 
after surgery, but 8 hr after surgery developed hemi- 
plegia and aphasia, and died on the third postoper- 
ative day. Autopsy showed cerebral infarction in the 
area of distribution of the middle cerebral artery on 
the operated side. In the second fatal case, the op- 
eration and hypotension (11 min) were uneventful. 
This patient developed a hemiparesis 12 hr after sur- 
gery and died on the third postoperative day. Au- 
topsy showed cerebral infarction in the area of the 
middle cerebral artery on the operated side. 
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Table 3. Arterial Blood Gases before, during, and 20-30 
min after Adenosine-Induced Hypotension in 21 Patients 
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Table 4. Purine Levels in Arterial Plasma before, during, 
and 20-30 min after Adenosine-Induced Hypotension in 


Before . During After 
adenosine adenosine adenosine 
Pao, 
kPa 19.7 + 1.5 ot 2 19.8 + 1.3 
mm Hg 148 + 11 130 + 15 149 + 10 
Paco, 
kPa 3.6 + 0.1 3.6 + 0.1 3.8 + 0.1 
mm Hg 27 4 27l 29 + 1 
pH 7.50 + 0.01 7.47 + 0.02 7.48 + 0.01 
Base excess 
(mmol/L) -0.7 + 0.4 —1.6 + 0.7 ~1.4 + 0.6 


Values are means + SEM. 
*P < 0.05, significantly different from before adenosine values. 


Discussion 

The present study demonstrates that adenosine is an 
effective agent for controlled hypotension in man. 
The rapid induction, stable action, and rapid resto- 
ration of blood pressure after its termination are in 
agreement with our first clinical study (8) in which 
adenosine was used for hypotension after pretreat- 
ment with the adenosine uptake inhibitor dipyrida- 
mole. In the absence of dipyridamole the mean dose 
requirement of adenosine increased by 50% from 0.14 
to 0.21 mg-kg~'min~*. The clinical solution of aden- 
osine used in the present study had a fourfold greater 
concentration than in the first study (5.3 vs 1.3 mg/ml), 
which enabled the induction of profound hypoten- 
sion with infusion rates of about 100-300 ml per hour. 
Slightly higher infusion rates were required only ina 
few young male subjects. 

The adenosine-induced hypotension was caused 
by a profound reduction of the systemic vascular re- 
sistance that paralleled an increase in cardiac output 
(see Table 2) (8). Cardiac filling pressure was virtually 
unaffected. Thus the enhanced cardiac output during 
the adenosine infusion can probably be explained by 
the combination of marked resistance vessel dilata- 
tion, maintained venous filling pressure, and main- 
tained myocardial performance. The preferential af- 
terload-reducing effect of adenosine makes it different 
from other vasodilators used for controlled hypoten- 
sion (8,11). However, our clinical experience with 
adenosine-induced hypotension is limited to intra- 
venous anesthesia. The effect of adenosine on central 
hemodynamics during inhalation anesthesia has not 
yet been evaluated in man. 

Although many peripherally acting hypotensive 
agents induce significant reflex tachycardia (12), the 
heart rates in this study increased by only 8 + 1 
beats/min during adenosine hypotension. This lim- 


10 Patients — | 
Before During After 
adenosine adenosine adenosine 
Hypoxanthine (umoV/L) 1.5 + 0.3 98+1.7 3.4 + 0.6° 
Xanthine (umol/L) 41419 38+1.7 3.6 + 1.4 
Uric acid (mol/L) 188 + 28 216 + 28 210 + 3% 


Values are means + SEM. 
“P < 0.05, significantly different from before adenosine values. 
+P < 0.01, significantly different from before adenosine values. 


ited reflex tach¥cardia may be explained by different 
mechanisms. First, it has been demonstrated that high 
adenosine conéentrations in man have an inhibitory 
influence oli.sihus node automaticity (13,14). Sec- 
ondly, aderiosirie may have a presynaptic inhibitory 
effect on sympathetic nerves of the myocardium (15). 
Thirdly, as demonstrated in the dog, sympathoad- 
renal activation is comparatively minor during aden- 
osine-induced hypotension (see below). Adenosine 
may also prolong atrioventricular conduction time. 
This effect has been demonstrated in animal and hu- 
man studies in which bolus injections of the drug 
were used (16). With this mode of administration, 
high doses may even induce transient AV blocks. 
During the present study there was a small but sig- 
nificant 9% prolongation of the PR interval. In three 
cases the PR interval indicated AV block type 1. Thus, 
the present hypotensive infusion rates of adenosine 
were not associated with severe prolongation of AV 
conduction. Furthermore, it is our clinical experience 
that other methods for controlled hypotension such 
as isoflurane, SNP, and TNG may occasionally be 
associated with junctional rhythm. However, during 
simultaneous administration of drugs that counteract 
adenosine uptake (such as dipyridamole) the effect of 
adenosine on AV conduction is more potentiated than 
is the hemodynamic response (17). 

The effects of adenosine-induced hypotension on 
myocardial blood flow has not yet been studied in 
man. Studies in dogs have demonstrated marked 
coronary vasodilatory effect of local adenosine admin- 
istration (18), and increased coronary blood flow with 
reduced myocardial oxygen demand during adeno- 
sine-induced hypotension (19). Circumstances may 
be different in the clinical situation. In patients with 
coronary disease, for instance, such as proximal coro- 
nary stenosis, vasodilatory drugs may cause regional 
myocardial ischemia due to redistribution df blood 
flow away from areas supplied by the stenotic vessel 
(20). This phenomenon may explain the transient 
myocardial ischemia seen in one patient with a pre- 
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vious myocardial infarction. Therefore, the indication 
for controlled hypotension, as well as the optimal 
blood pressure level should, even with adenosine, be 
carefully weighed in patients with ischemic heart dis- 
ease. 

Pharmacologically induced hypotension is usually 
associated with increased sympathetic nervous tone 
due to activation of baroreceptors (21). In the dog, 
SNP-induced hypotension is associated with a sig- 
nificant increase in circulating catecholamines, whereas 
the increase is small during ATP-induced hypoten- 
sion (22). Similar results were found in the dog when 
comparing adenosine and sodium nitroprusside (own 
unpublished data). The similarities between the sym- 
pathoadrenal effects of ATP and adenosine are not 
unexpected because ATP is rapidly degraded to aden- 
osine in the circulating blood (9). Adenosine also dif- 
fers from SNP with respect to activation of the 
renin—angiotensin system. Whereas plasma renin ac- 
tivity markedly increases during SNP-induced hy- 
potension in the dog, it is unaffected by adenosine 
(23). This difference may explain the absence of tachy- 
phylaxis and rebound hypertension in the present 
study. However, clinical data on plasma catechol- 
amine and renin activity during adenosine-induced 
hypotension are not yet available. 

Exogenous adenosine is mainly eliminated by cel- 
lular uptake (4), but adenosine can also be metabo- 
lized to uric acid. Uric acid that accumulates to patho- 
logic levels may precipitate in the kidney. A limited 
increase in uric acid levels (15 + 5%) was observed 
in the present study, but in no subject were patho- 
logical levels seen. However, to elucidate this ques- 
tion further, investigations on adenosine metabolism 
during high-dose administration for longer periods 
(>1 hr) are required. In addition, care should be taken 
in patients with gout or other conditions of disturbed 
purine metabolism. 

The hypotensive period was not associated with 
elevations of serum creatinine or reduction in creat- 
inine clearance (n = 7) in any patient. This finding is 
in agreement with our earlier study (8) and offers 
gross evidence of the maintenance of renal function 
during adenosine induced hypotension. 

The acid-base status was unaffected during an av- 
erage of 30 min of hypotension. The absence of aci- 
dosis is in contrast to studies in dogs where, similar 
levels of hypotension are associated with decreases 
in arterial pH (24). This reduction of pH in dog models 
is probably not explained by lactate formation (7,24), 
and has not been confirmed in man (8). The difference 
is not related to the duration of hypotension or type 
of anesthesia but rather represents species differ- 
ences. 
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There was a modest decrease in arterial PO, that 
was of no clinical significance in any of the cases. 
Reduction of arterial Po, is a well known phenome- 
non during hypotension induced by other peripheral 
vasodilators such as SNP and TNG (25), and may be 
explained by increased venous admixture because of 
inhibition of hypoxic pulmonary vasoconstriction (26). 

In conclusion, adenosine induces a stable and eas- 
ily controlled hypotension without negative effects on 
cardiac output or acid-base balance in patients 
undergoing cerebral aneurysm surgery during neu- 
rolept anesthesia. The use of adenosine hypotension 
should be carefully considered in patients with isch- 
emic heart disease because in this clinical study, dys- 
rhythmias occurred in the two subjects with earlier 
history of myocardial infarction. Adenosine-induced 
hypotension should be avoided in patients with dis- 
turbed purine metabolism. However, we find aden- 
osine to be a useful alternative as a vasodilator agent 
for controlled hypotension in man, although addi- 
tional clinical experience is required concerning its 
effects on regional blood flow and metabolism. 
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The anesthetic effects of 2 ml of 5% lidocaine in 7.5% glucose 
(LG) or 5% meperidine in water were evaluated and com- 
pared in 40 ASA class 1 or 2 patients. Patients were ran- 
domly assigned to one of the two groups (20 patients in 
each) according to the anesthetic agent, which was injected 
into the lumbar subarachnoid space in the sitting position. 
The patients remained sitting for 5 min before being placed 
in the supine position. Times of onset of sensory and com- 
plete motor blockade were significantly more rapid with LG. 
The extent of maximum cephalad spread of analgesia and 
the time to maximum height of analgesia in the two groups 
were not different. Duration of analgesia at the T-7 (48.96 
+ 6.64 min with LG, 44.74 + 6.14 min with meperidine; 
means + SEM) and L-1 (94.37 + 7.42 min with LG, 76.19 
+ 5.64 min with meperidine) dermatomes was not different 
in the two groups but was statistically longer at the T-10 


dermatome with LG (66.83 + 6.72 min) than with me- 
peridine (46.66 + 6.26 min). The duration of complete 
motor blockade was also significantly longer with LG (66.44 
+ 7.05 min) than with meperidine (42.67 + 4.47 min). 
Complications in both groups included decrease in blood 
pressure and nausea and vomiting intraoperatively, and 
urinary retention, nausea and vomiting, and mild headache 
postoperatively. Complications that occurred oniy in the 
meperidine group were intraoperative drowsiness, respira- 
tory depression, bronchospasm, and itching. The frequency 
of complications was greater with meperidine. The number 
of patients requiring only oral medication for pain relief 
during the first 24 hr after surgery was significantly greater 
in the meperidine group but the number of patients who 
were pain free and required neither oral nor narcotic an- 
algesic did not differ. Meperidine-water as the sele spinal 
anesthetic agent in this study had no significant advantage 
over lidocaine—glucose. 


Key Words: ANESTHETIC TECHNIQUES, sPINAL— 
meperidine, lidocaine. ANALGESICS—meperidine. 





Meperidine, known to have local anesthetic proper- 
ties (1), has been used successfully for spinal anes- 
thesia although with a number of complications (2,3). 
The extent and duration of sensory and motor block- 
ade obtained from intrathecal injection of meperidine 
in a dose of 1 mg/kg body weight were adequate for 
surgery on the lower abdomen, perineum, and lower 
limbs, and postoperative analgesia was prolonged. 
However, the effectiveness of meperidine for spinal 
anesthesia has never been compared with a local an- 
esthetic agent. We therefore conducted this study to 
make a comparison of lidocaine and meperidine for 
spinal anesthesia. 
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Methods 


Forty ASA class I and II patients between the ages of 
15 and 65, without history of drug allergy or narcotic 
abuse, and scheduled to have surgery of the lower 
abdomen or lower extremities were assigned ran- 
domly to receive either 2 ml of 5% lidocaine in 7.5% 
glucose (Xylocaine 5% Heavy, Astra) (LG) or 2 ml of 
5% meperidine in water (Pethidine Injection BP 1980, 
The Government Pharmaceutical Organization, Bang- 
kok, Thailand) as the spinal anesthetic agent for sur- 
gery. The specific gravity of meperidine measured by 
total solid meter refractometry (American Optical 
Corp., Buffalo, NY) was about 1.026. This study was 
approved by the Hospital Committee for research and 
written consent was obtained from all the patients. 
In the operating room, an intravenous catheter was 
inserted and 500 ml of 5% lactated Ringer’s solution 
was infused within 20-30 min. Baseline levels of blood 
pressure and heart rate were recorded. Subarachnoid 
puncture was performed using a 25-gauge spinal needle 
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at the L3-4 or L45 interspace with the patient in the 
sitting position. After either LG or meperidine was 
injected intrathecally and the spinal needle with- 
drawn the patient remained sitting for 5 min before 
being placed in the supine position. Measurements 
of blood pressure, heart rate, sensory and motor 
blockade were made every 2 min for the first 10 min 
after the injection was completed, then every 10-15 
min until the sensory blockade declined below the L- 
1 dermatome. 


Measurements of Sensory Blockade 


The patients were tested for analgesia to pinprick and 
the upper and lower limits of segmental analgesia 
were charted on graph paper. Times to initial onset 
of analgesia and to maximum spread were deter- 
mined from the data plotted as described by Bromage 
(4). Patients who failed to achieve analgesia above the 
L-1 dermatome within 30 min after the injection were 
considered spinal block failures and general anes- 
thesia was generally given. 


Measurement of Motor Blockade 


Motor blockade was determined according to a mod- 
ified Bromage scale (4): 0 = no paralysis; 1 = inability 
to raise the extended leg; 2 = inability to flex the 
knee; 3 = inability to flex the ankle joint. During 
recovery motor blockade was assessed as follows: 1 
= ability to raise extended leg but not flex ankle joint 
or toes; 2 = ability to flex knee; 3 and 0 are according 
to the scale above. 

Decreases in systolic blood pressure greater than 
30% below baseline levels and assumed to be due to 
sympathetic blockade were treated with infusion of 
lactated Ringer’s solution and with vasopressors. Res- 
piratory depression caused by meperidine was treated 
with intravenous naloxone. Nausea and vomiting as- 
sociated with hypotension were treated with oxygen 
inhalation, intravenous fluid infusion and small doses 
of vasopressor. If nausea and vomiting persisted after 
hypotension had been corrected, 10 mg of metoclo- 
pramide were given intravenously with, if the patient 
was in the meperidine group, small doses of nalox- 
one. All patients were followed throughout their hos- 
pital stay and all complications were recorded. During 
the first 24 hr after surgery, the patients were initially 
treated with 1 g of oral acetaminophen whenever an- 
algesic medications were required. If this was inad- 
equate, analgesic doses of narcotics were used. 

In the statistical treatment of the study results, in- 
tergroup differences were tested for significance by 
comparing data by means of a two-tailed Student's t- 
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Table 1. Characteristics of Patient Groups 


Lidocaine—glucose Meperidine 
Type of operation 
Anal 2 3 
Orthopedics 6 2 
Gynecologic 4 6 
Urologic 5 7 
Superficial 3 2 
(plastic, tumor) 
Total 20 20 
Age? (yr) 46.5 + 3.0 42.8 + 3.9 
Weight* (kg) 60.7 + 3.6 56.6 + 1.6 
Height* (cm) 161.0 + 1.6 159.2 £ 1.7 


“Mean values + SEM. 


test. The x* test was applied to explain associations 
between variables. P < 0.05 was considered statisti- 
cally significant. All values are given as means + SEM. 


Results 


Twenty patients received LG and 20 received meper- 
idine as the spinal anesthetic. In the LG group, ten 
received no premedication, two received 5 mg diaze- 
pam, one received 10 mg diazepam, and seven re- 
ceived 7.5 mg midazolam. The premedications were 
given orally about 1 hr before surgery. None of the 
patients in the meperidine group was premedicated. 
Mean ages, weights, heights, and operations in both 
groups are shown in Table 1. There were no signifi- 
cant intergroup differences. 


Sensory Blockade 


One patient in the LG group had inadequate sensory 
blockade with a level of analgesia at L-5. In the me- 
peridine group, two patients had levels of analgesia 
at L-4 and S-1. These three patients were excluded 
from further study. 

The time to initial onset of sensory blockade was 
significantly shorter (P < 0.01) in the LG group than 
in the meperidine group. The cephalad spread of an- 
algesia to the L-1 dermatome was significantly more 
rapid (P < 0.05) in the LG group than in the meper- 
idine group. The maximum cephalad spread of an- 
algesia and the time of maximum spread were not 
different in the two groups. There was no correlation 
between age, weight, height, and the maximum ceph- 
alad spread of analgesia (Table 2). 

No difference was found in caudal spread between 
the two groups. Initially the meperidine group had 
less pronounced caudal spread, but by 8-30 min after 
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Table 2. Latencies and Spread of Sensory Blockade 


Time to onset of analgesia (min}* 

Time to spread of analgesia to L-1 (min) 

Time to maximum cephalad level of analgesia (min) 
Segmental maximum level of analgesia 


Values are mean + SEM. 
‘Significant between groups (P < 0.01). 
‘Significant between groups (P < 0.05). 


SEGMENTAL LEVEL 
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TIME AFTER INJECTION {min} 


#——e LIDOCAINE -GLUCOSE eo — -e MEPERIDINE 


Figure 1. Cephalad and caudal spread of sensory blockade with 
lidocaine-glucose or meperidine as the spinal anesthetic agent. 
Data expressed as mean + SEM. 


injection no difference could be found between the 
two groups (Figs. 1,2). 

A two to three segment regression in cephalad 
spread of sensory blockade was observed after 1 hr 
in both groups (Fig. 2). Duration of analgesia was 
significantly longer with LG than with meperidine at 
the T-10 (P < 0.05) but not at the T-7 and L-1 der- 
matome levels (Table 3, Fig. 3). 


Motor Blockade 


Complete motor blockade of the lower limbs (degree 
3) was seen in 18 patients in the LG group for about 
60 min and in 16 patients in the meperidine group for 
about 40 min. The onset was significantly more rapid 
(P < 0.05) with LG (Table 4, Fig. 4). There was one 
patient in the meperidine group who developed com- 
plete motor blockade after 40 min. A significant dif- 
ference in duration of degree 2 (P < 0.05) and degree 
3 (P < 0.01) motor blockade was seen between the 
two groups (Table 5, Fig. 5). 
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Lidocaine~glucose Meperidine 
2.4 + 0.24 5 4 + 0.48 
10.74 + 0.85 17.83 + 3.10 
29.37 + 3.28 34.17 + 3.71 
T-7.4 + 0.5 T-7.2 + 0.7 


SEGMENTAL LEVEL 





I 
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o——e LIDOCAINE -GLUCOSE e-——e MEPERIDINE 


Figure 2. Cephalad and caudal spread of sensory blockade with 
lidocaine-glucose or meperidine as the spinal anesthetic agent. 
Data expressed as mean + SEM. 


Postoperative Analgesia 


Frequency with which postoperative analgesics were 
needed ranged in both groups from 0 to 4 during the 
first 24 hr after surgery. The number of patients in 
whom pain was relieved with oral acetaminophen 
alone was significantly greater (P < 0.025) in the me- 
peridine group (11 patients) than in the LG group 
(four patients). Three patients in each of the groups 
required neither oral medication nor narcotic anal- 
gesics. The operations performed in these patients 
were transurethral prostatectomy (one in each group), 
conization of the cervix (one in the LG group), syn- 
ovectomy of the knee joint (one in the LG group), 
anal fistulectomy (one in the meperidine group), and - 
skin grafting on the thigh (one in the meperidine 
group). 


Intraoperative Complications 


Decreases in blood pressure of more than 30% below 
baseline levels were seen in 1 patient who had max- 
imum cephalad spread of analgesia to T-4 in the LG 


Table 3. Duration of Analgesia at Different 
Segmental Levels 


Lidocaine-glucose ` Meperidine 
Segment (min) n (min) n 
T-7 48.96 + 6.64 10 44.74 + 6.14 8 
T-10¢ 66.83 + 6.72 17 46.66 + 6.26 15 
L-1 94.37 + 7.42 19 76.19 + 5.64 18 


Values are mean + SEM. 
‘Significant between groups (P < 9.05). 


DURATION OF ANALGESIA {min} 
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Figure 3. Duration of analgesia at different segmental levels with 
lidocaine—glucose or meperidine as the spinal anesthetic agent. 
Data expressed as mean + SEM. 


group and in 2 patients, with cephalad spread of an- 
algesia to T-8 in one and T-2 in another, in the me- 
peridine group. They responded well to rapid intra- 
venous fluid infusion and small doses of vasopressors. 
The incidence of hypotension was not significantly 
different in the two groups. 

Intraoperative nausea and vomiting occurred in 3 
patients in the LG group; in one it was associated 
with a decrease in blood pressure. In the meperidine 
group nausea and vomiting with severe retching were 
seen in 11 patients, one of whom also had associated 
hypotension. The symptoms were not relieved by res- 
toration of blood pressure and oxygen inhalation. All 
were treated with 10 mg intravenous metoclopram- 
ide, an antiemetic with actions on both the gastroin- 
testinal tract and the central nervous system (5,6). In 
the LG group nausea and vomiting were successfully 
treated. In the meperidine group nausea and vomit- 
ing were completely relieved in seven patients within 
a few minutes after initiation of treatment, in three 
patients relief was only partial, and one patient needed 
0.04 mg intravenous naloxone to relieve nausea and 
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Table 4. Complete Motor Blockade of the Lower Limbs 


Lidocaine—glucose Meperidine 
Frequency 18/19 16/18 
Time to onset*” (min) 14.39 + 2.16 21.25 + 2.31 
Duration“ (min) 66.44 + 7.05 42.67 + 4.47 


“Mean values + SEM. 


Significant between groups {P < 0.05). 
Significant between groups (P < 0.01). 


ONSET TIME (min) 
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Figure 4. Onset of different degrees of motor blockade with lido- 
caine~glucose or meperidine as the spinal anesthetic agent. Data 
expressed as mean + SEM. 


vomiting. The incidence of intraoperative nausea and 
vomiting was significantly higher in the meperidine 
group (P < 0.005). 

All the patients in the LG group were alert during 
operation. Fourteen patients in the meperidine group 
were drowsy and all those who had intraoperative 
nausea and vomiting became drowsy after the symp- 
toms were relieved. The incidence of intraoperative 
drowsiness was significantly higher in the meperidine 
group (P < 0.0001). One patient in the meperidine 
group (female, age 21, weight 44.5 kg, height 146 cm) 
became stuporous and had irregular slow respiration 
(rate below 10/min) 18 min after injection of the spinal 
anesthetic. The cephalad level of analgesia was at the 
T-2 dermatome when the symptoms began. She was 
treated with oxygen and intermittent positive pres- 
sure ventilation for about 30 min before the symptoms 
disappeared. 

One patient in the meperidine group with cephalad 
level of analgesia to the T-6 dermatome developed 
bronchospasm. She had no previous history of asthma. 
The bronchospasm was improved by subcutane- 
ous injection of 0.5 ml of 1:1000 epinephrine (see 
Table 6). 
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Table 5. Duration of Different Degrees of Motor Blockade 
of the Lower Limbs 


Lidocaine—glucose Meperidine 


Motor block“ (min) n (min) n 
1 92.03 + 6.8 19 79.0 + 6.47 18 
2! 76.84 + 7.27 19 56.68 + 5.65 18 
3 66.44 + 7.05 18 42.67 + 4.47 16 


Values are mean + SEM. 

“Degree of motor block based on modified Bromage scale (4) as described 
in text. 

'Significant between groups (P < 0.05). 

‘Significant between groups (P < 0.01). 
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Figure 5. Duration of different degrees of motor blockade with 
lidocaine-glucose or meperidine as the spinal anesthetic agent. 
Data expressed as mean + SEM. 


Postoperative Complications 


Urinary retention on the first postoperative day oc- 
curred significantly more frequently in the meperi- 
dine group than in the LG group (P < 0.05). Urinary 
catheterization was not needed more than twice dur- 
ing the 24 hr period in any patient. Five patients in 
each of the groups had mild headache on the first 
postoperative day. No postspinal headache was seen. 

Other complications were postoperative nausea and 
vomiting. The itching in the two patients in the me- 
peridine group involved the anterior thigh and the 
face (see Table 6). 


Discussion 


Meperidine, one of the phenylpiperidine derivatives 
of the opioids, is closer in several ways to local an- 
esthetics than other opioids, with, for example, sim- 
ilar molecular weight and pKa (MW 247 and pKa 8.5 
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Table 6. Frequency of Complications 


Lidocaine—glucose’ Meperidine” 





Intraoperative 
BP decrease > 30% of l 
control value from 
sympathetic blockade 


N 


Nausea, vomiting 3 11 
Drowsiness“ 0 14 
Respiratory 0 1 
depression 

Bronchospasm 0 1 


Postope rative 


Urinary retention“ 1 6 
Mild headache 9 5 
Nausea, vomiting 4 6 
Itching 0) 2 
‘N= 19. 
'N = 18. 


‘Significant between groups (P < 0.005). 
“Significant between groups (P < 0.0001). 
‘Significant between groups (P < 0.05). 


for meperidine hydrochloride, and MW 234 and pKa 
7.9 for lidocaine hydrochloride) (7). Meperidine has 
been reported to produce peripheral nerve block (1), 
a reflection of its local anesthetic action. It has also 
been shown in many studies to have the properties 
of local anesthetic, both in sensory and motor block- 
ade, after intrathecal injection (2,3). The present study 
shows that meperidine and lidocaine in the same dos- 
age, volume, and concentration produced comparable 
effects on neural structures within the subarachnoid 
space. Although the onset and duration of both the 
sensory and motor block were significantly more rapid 
and longer with lidocaine, the extent of maximum 
spread, which indicated their distribution in cerebro- 
spinal fluid, was similar. However, meperidine also 
had the other properties typical of narcotic in the form 
of higher frequency of both intraoperative and post- 
operative complications, which are attributable to its 
action on the central nervous system. 

In the study of 20 patients reported by Famewo 
and Naguib (3), spinal meperidine in a dose of 1 mg/kg 
produced a mean maximum cephalad spread of sen- 
sory blockade to the T-7 dermatome level and was 
associated with complications that included decreases 
in arterial pressure more than 20% below the control 
levels (three patients), nausea and vomiting (six pa- 
tients), pruritus (five patients), and difficulty in mic- 
turition (two patients). Fifteen of their patients did 
not require postoperative analgesic medication. In our 
study the level of mean maximum cephalad spread 
of sensory blockade, which was limited by the sitting 
position, was not different from that reported by Fa- 
mewo and Naguib but the incidence of complications 
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in our patients was somewhat higher. This increase 
may be attributable to the higher dosage of meperi- 
dine used in our study, but it is surprising that the 
proportion of pain-free patients did not correspond 
to the increase in dosage. 

Intrathecal morphine at one-tenth to one-twentieth 
of its systemic dose generally produced a duration of 
analgesia between 12-24 hr in patients with either 
postoperative or chronic pain. The duration of anal- 
gesia produced by intrathecal meperidine, at systemic 
dose, was much shorter in our study because it blunted 
the surgical pain, which was much more intense than 
other types of pain. The effects of intrathecal meper- 
idine are also made shorter by its high lipid solubility, 
which causes rapid efflux into venous and lymphatic 
clearance channels (7). 

The cost of meperidine, a local product in our coun- 
try, is less than half the cost of lidocaine—glucose, 
which is imported. Even with the addition of one 
ampule of metoclopramide necessitated by the high 
incidence of intraoperative nausea and vomiting the 
costs are still less than three-fourths the price of lid- 
ocaine—glucose. Meperidine as the sole intrathecal an- 
esthetic agent for surgery may be useful because of 
its lower expense but this is offset by the higher in- 
cidence of complications with which it is associated. 
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Note Added in Proof 


After this paper was accepted for publication, a closely 
related paper appeared by Acalovschi et al. Spinal 
block with pethidine for perineal operations. Br J An- 
aesth 1986;58:102-6. 


Respiratory Effects of Sevoflurane 


Matsuyuki Doi, MD, and Kazuyuki Ikeda, MD 


DOI M, IKEDA K. Respiratory effects of sevoflurane. 
Anesth Analg 1987;66:241-4. 

The respiratory effects of sevoflurane were studied in seven 
patients and compared with values obtained in another seven 
patients anesthetized with halothane. Resting ventilation, 
resting PaCO>, and ventilatory response to CO, were mea- 
sured awake and at 1.1 and 1.4 MAC levels of both anes- 
thetic agents. We found that with sevoflurane, tidal volume 
and the slopes of the CO. response curves decreased and 
Paco, increased with increasing depth of anesthesia, as with 


Sevoflurane (fluoromethyl 2,2,2-trifluoro-1-[trifluo- 
romethyl] ethyl ether) is a potent halogenated ether 
recently introduced for clinical phase-2 study as a gen- 
eral anesthetic agent. Its low blood gas partition coef- 
ficient of 0.60 (1) provides rapid induction of anes- 
thesia (2). The metabolism of sevoflurane (1,3—12), the 
relationship between sevoflurane and malignant hy- 
perthermia (13,14), and the mutagenicity of sevoflur- 
ane (15) have been studied extensively. The respira- 
tory effects of sevoflurane in humans, however, have 
not been examined, with the exception of a prelimi- 
nary phase-1 study (8). In our experiments with dogs 
we found that sevoflurane might be a profound res- 
piratory depressant (16). The present study was un- 
dertaken to evaluate more thoroughly the ventilatory 
responses to sevoflurane in patients scheduled for 
minor surgery and to compare these with those as- 
sociated with halothane. 


Methods 


Fourteen patients scheduled for a minor surgery on 
the head or neck were studied. This study was ap- 
proved by the institutional human research commit- 
tee of Hamamatsu University Hospital. Seven pa- 
tients were given sevoflurane and seven were given 
halothane anesthesia. There were no significant dif- 
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other inhaled anesthetics. A compensatory increase in res- 
piratory frequency was not enough to prevent a decrease in 
minute volume with increasing depth of anesthesia. At 1.1 
MAC, sevoflurane produced almost the same degree of res- 
piratory depression as halothane. At 1.4 MAC, sevoflurane 
produced more profound respiratory depression than halo- 
thane. 


Key Words: ANESTHETICS, voLatite—sevoflurane. 
VENTILATION—sevoflurane. 


ferences in age, height, weight, or the duration of 
anesthesia between the 2 groups (Table 1). The sub- 
jects fasted for at least 11 hr before anesthesia and 
received no premedicant drugs. A catheter was placed 
into a radial artery under local anesthesia. A semi- 
closed anesthetic circle system assembled with an F 
breathing circuit (17) was used. A mass spectrometry 
sampling tube and an electric Wright respirometer 
(BOC Co., Ltd.) were placed between the breathing 
circuit and the mask or endotracheal tube. Output 
from the Wright respirometer was linearized using 
the system developed by Sanjo et al. (18) so that re- 
liable measurements were attained even at low flow 
rates. A Perkin Elmer MGA-1100 was used for a mass 
spectrometry. The respirometer and mass spectrom- 
eter were used to measure minute volume (VE BTPS), 
respiratory frequency (f), inspired CO, concentration 
(Fico,), end-tidal CO, concentration (FETco,), inspired 
anesthetic concentration, and end-tidal anesthetic 
concentration. 

The Wright respirometer and a connector for the 
gas sampling tube created a mechanical dead space 
of 40 ml. Tidal volume (VT BTPS) was calculated by 
dividing minute volume (BTPS) by respiratory fre- 
quency. A bypassed minimixing chamber developed 
by Sanjo et al. (18) was placed between the expiratory 
end of the breathing circuit and the expiratory valve 
of the anesthetic machine. Using the bypassed mini- 
mixing chamber, fluctuating expiratory CO» concen- 
tration was smoothed out and became flat mean ex- 
pired CO, concentration. Mean expired CO, concen- 
tration (FEco,) was then measured through mass 
spectrometry. Before anesthesia was induced, pa- 
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Table 1. Patient Demographics 


Sevoflurane Halothane 
Number of subjects (M/F) 7 (3/4) 7 (4/3) 
Age (yr) 47.6 + 3.3 44.7 + 5.1 
Height (cm) 158.0 + 2.6 160.7 + 2.5 
Weight (kg) 51:3 £3.1 55.6 + 4.0 
Anesthesia time (min) 171 2 35.. 175: 33 


All values given as means + SEM. 


tients breathed 35-40% oxygen and 60-65% nitrogen 
through the anesthetic circuit by mask for 5 min, at 
the end of which ventilatory measurements were sta- 
ble. An arterial blood sample for measurement of gas 
tensions was obtained. Minute CO: elimination (Vco,), 
minute alveolar ventilation (VA), the ratio of dead 
space ventilation (VD) to tidal volume (VT), alveolar 
ventilation (VA), and dead space ventilation (VD) were 
calculated using the following equations: 


Vco, = VE(STPD) x FEco, (1) 
Va = VE (BIPS) x PEco/Paco2 (2) 
VA = Va/f (3) 

VD = VT — VA (4) 

VD/VT = PaCcO2—- PEco,/Paco, (5) 


After these measurements, inspired CO, concen- 
tration was increased sufficiently to increase end-tidal 
CO, tension by 2-4 torr. After at least 6 min had 
elapsed at the new end-tidal CO, tension, minute 
volume and respiratory frequency were again re- 
corded, and then another arterial blood sample was 
obtained. Inspired CO, concentration was then in- 
creased sufficiently to increase end-tidal CO, tension 
by 4-6 torr above the prior value, and the same mea- 
surements repeated. From the two points of increased 
end-tidal Pco2, the slopes of ventilatory response to 
CO, were calculated as control values before the in- 
duction of anesthesia. The resting point (no increase 
in inspired CO2) was not included in the calculation 
of the slope. Anesthesia was then induced by mask 
with sevoflurane in oxygen or halothane in oxygen. 
The trachea was intubated with 40-60 mg of succi- 
nylcholine chloride. Intraoperatively, anesthesia was 
maintained with sevoflurane, 35-40% oxygen and 
60-65% nitrogen, or halothane, 35-40% oxygen and 
60-65% nitrogen. After the effects of succinylcholine 
chloride had worn off, respirations were spontaneous 
throughout the study. To avoid possible effects of 
surgical stimulation on respiration (19), the resting 
ventilation and respiratory responses to CO, during 
anesthesia were examined after the respiratory pa- 
rameters had returned to stable levels after comple- 
tion of surgery. 

Assuming that the end-tidal anesthetic concentra- 
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tion is equal to the alveolar anesthetic concentration, 
the first measurements were made at 1.1 MAC (end 
tidal concentrations of sevoflurane and halothane, 1.88 
and 0.85%, respectively). After at least 15 min of stable 
end-tidal anesthetic levels, minute volume, respira- 
tory frequency, and FEco, were recorded, and an ar- 
terial blood sample was drawn. Inspired CO, con- 
centration was then added to increase end-tidal CO, 
tension by 8-10 torr. After at least 6 min had elapsed 
at the new end-tidal CO, tension, minute volume and 
respiratory frequency were again recorded and an- 
other arterial blood sample was obtained. From these 
two measurements, ‘the slopes of ventilatory re- 
sponses to CO, were calculated. The alveolar anes- 
thetic concentration was then increased to 1.4 MAC 
(end-tidal concentrations of sevoflurane and halo- 
thane, 2.39 and 1.08%, respectively), and ventilatory 
measurements were again made after at least 15 min 
had passed. There the MAC of halothane was as- 
sumed to be 0.77% (20), and the MAC of sevoflurane 
1.71%, as recently determined in our department (un- 
published observations). 

For intragroup comparisons, the values were ana- 
lyzed by Student's paired t-test and for intergroup 
comparisons the values were analyzed by Student's 
t-test. Statistical significance was assumed when P < 
0.05. 


Results 


During sevoflurane anesthesia, tidal volume de- 
creased with increasing depth of anesthesia (Table 2). 
Respiratory frequency increased but not enough to 
fully compensate for the decrease in the tidal volume. 
As a result, minute volume also decreased with the 
increase in anesthetic depth. However, during halo- 
thane anesthesia, tidal volume decreased, as with sev- 
oflurane, with increased anesthetic depth but respi- 
ratory frequency increased to the extent that there was 
no significant change in minute volume. At 1.1 MAC, 
respiratory frequency during sevoflurane anesthesia 
was significantly less than with halothane anesthesia. 
At 1.4 MAC, respiratory frequency and minute vol- 
ume during sevoflurane anesthesia were significantly 
less than with halothane anesthesia. Tidal volumes 
were similar with both anesthetics at equal anesthetic 
depths. On the other hand, when anesthetic depth 
was increased to 1.4 MAC from 1.1 MAC, the slopes 
of the ventilatory responses to CO, became flatter 
with both anesthetics, but at 1.4 MAC, sevoflurane 
produced a significantly flatter slope of the CO2-ven- 
tilatory response curve than did halothane. 

There were no significant differences in Paco, be- 
tween the anesthetics at 1.1 MAC. At 1.4 MAC, how- 
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Table 2. Effects of Sevoflurane and Halothane Anesthesia on Respiration 


Sevoflurane 


Halothane 


Awake 1.1 MAC 1.4 MAC Awake e 1.1 MAC 1.4 MAC 
Number of subjects 7 7 7 7 7 7 
Fet Anes (%) o 1.88 + 0.02 2.39 + 0.03 — 0.85 = 0.01 1.09 + 0.01 
Anesthesia time (min) — 114 + 27 157 + 34 — 125 + 26 161 + 35 
Paco- (torr) 39.4 + 1.4 48.8 + 1.9 ie 2 2.0" 38.7 + 0.6 46.7 + 0.9 49.5 + 1.4 
Ve (l/min) 5.96 + 0.15 5.30 + 0.30" 4.45 + 0.25" 6:13 £ 0.25 5.34 & 0.30 5.60 + 0.32 
VT (ml) 489 + 30 247 + 13! 189 + 8" 483 + 27 204 + 15" 181 + 9" 
f (breaths/min) 12.4 + 0.6 Bia =A 23.7 2 La 12.9 + 0.4 20.7 = 1.7 31,0 = 1.18" 
S {biun "tor ‘) L-e Or 0.60 + 0.14" O17 = 0.08 1.85 + 0.18 0.51 = 0.07" si = 006r" 
Vco, (ml/min) 186 + 6 151. 7" LTO + Gt 191 + 5 152 = & 127 + 4*" 
Va (ml/min) 3380 + 98 2220 + 110 1440 + 106"" 3530 + 110 2310 + 60" 1830 + 60%" 
VD/VT (%) 43.0 + 1.8 ae & 2:2 674 2 DY 29.7 = 2H 55.0 = 2.3 O67 E. L 
Va (ml) 279 + 20 Nar = 62 + Be" 279 + 10 oo sk gi 59- 3 
VD (ml) 209 + 15 143 + 9 27 = 6 193 + 21 116 + 12 12) = 7" 

All values given as means + seM. Differences considered statistically significant when P < 0.05. 


Fer Anes, End tidal anesthetic concentration. S, Slope of CO: response curve. 


“Differs from awake value. 
"Differs from 1.1 MAC value. 
‘Differs from halothane at the same anesthetic depth. 


ever, Paco» was significantly higher with sevoflurane 
anesthesia than with halothane. When anesthetic depth 
was increased, there was a decrease in CO, elimi- 
nation with both anesthetics. The decrease in CO, 
elimination was similar with both anesthetics at both 
levels of anesthesia but greater at 1.4 MAC than at 
1.1 MAC. 

VD/VT ratios before and after anesthesia could not 
be reliably compared because the ratio measured be- 
fore anesthesia was performed through the mask with 
subsequent measurements being made via the en- 
dotracheal tube, therefore there were differences in 
the mechanical dead spaces between the two settings. 
However, VD/VT ratios increased due to decreases in 
tidal volumes with increasing depth of anesthesia with 
both anesthetics, but the changes in VD/VT ratios were 
not significantly different between sevoflurane and 
halothane at equal MAC levels. Similarly, no signif- 
icant differences were observed in VA and VD with 
sevoflurane and halothane. Table 2 also shows that 
there was no significant difference in times between 
anesthetic induction and when measurements were 
made in the two groups of patients. 


Discussion 


A possible limitation in the present study is that mea- 
surements made during anesthesia were performed 
after surgery had been completed. In order to mini- 
mize surgical effects that might affect the experimen- 
tal results, we limited experimental subjects to pa- 
tients having only minor surgery on the head or neck 
(e.g., tympanoplasty). Another possible limitation is 


that respiratory changes associated with general anes- 
thesia have been reported as being related to the du- 
ration of anesthesia, even in the presence of constant 
alveolar anesthetic concentrations (21). For this rea- 
son, we carried out each set of measurements in both 
groups of patients at times when the duration of anes- 
thesia was as close as possible given the clinical con- 
ditions under which we had to conduct our study. 

Finally, in this experiment we sampled end-tidal 
gas from the connector mounted on the slip joint 
of the endotracheal tube and took the value of the 
end-tidal anesthetic concentration as the alveolar an- 
esthetic concentration. This method raises the pos- 
sibility that dead space gas might have mixed with 
alveolar gas as tidal volume decreased, thereby caus- 
ing the “end-tidal anesthetic concentration” to be 
greater than true alveolar anesthetic concentration. 
However, tidal volumes were similar with both an- 
esthetics at both 1.1 MAC and 1.4 MAC levels. Be- 
cause of this, it is likely that the difference between 
the alveolar anesthetic concentrations and the end- 
tidal anesthetic concentrations were similar with both 
anesthetics and thus did not affect the comparison of 
respiratory effects of sevoflurane and halothane at the 
same anesthetic depth. 

We found that sevoflurane produces respiratory 
depression with increasing depth of anesthesia, as 
with other types of inhaled anesthetic agents. The 
characteristics of the respiratory effects of sevoflurane 
are that tidal volume decreases with increasing depth 
of anesthesia and that this decrease is not adequately 
compensated for by an increase in the respiratory fre- 
quency, at least between 1.1 MAC and 1.4 MAC. These 
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characteristics agree with the results we obtained from 
experiments with dogs (16). Also, the characteristics 
of the ventilatory depression associated with sevo- 
flurane are similar to the reported ventilatory effects 
of isoflurane (21). In comparing ventilatory responses 
to sevoflurane and halothane, we found no significant 
differences with both anesthetics at 1.1 MAC, but 
observed that sevoflurane caused greater respiratory 
depression than did halothane at 1.4 MAC. CO, elim- 
ination decreased with an increase in the anesthetic 
depth with both anesthetics. This does not imply that 
CO, production decreased. The time associated with 
changes in ventilatory conditions was too short to 
allow establishment of a steady state adequate for CO3 
homeostasis. We also found that both anesthetics have 
similar effects on VD/VT, VD, and VA at equal anes- 
thetic depth. There is, therefore, no significant dif- 
ference between halothane and sevoflurane in terms 
of effects on tidal volume. 

This experiment indicates that sevoflurane is a 
greater respiratory depressant than halothane at 1.4 
MAC. In general, sevoflurane and halothane are clin- 
ically used in combination with nitrous oxide. When 
sevoflurane or halothane are used with nitrous oxide, 
the alveolar anesthetic concentration aimed at is gen- 
erally about 1 MAC. We could find no evidence in 
our study to suggest that sevoflurane and halothane 
have clear differences in the respiratory depression 
they cause at 1.1 MAC. Thus it is not clear whether 
sevoflurane is a more profound respiratory depres- 
sant than halothane in clinical use. This suggests that 
we should examine further interactions of sevoflurane 
or halothane (or both) used in combination with ni- 
trous oxide and other drugs. 
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VATASHSKY E, HASKEL Y, NISSAN S, HANANI M. 
Effect of morphine on the mechanical activity of common 
bile duct isolated from the guinea pig. Anesth Analg 
1987;66:245-8. 


The contractile response of isolated guinea pigs common bile 
ducts (CBD) to transmural electrical stimulation and the 
effects of morphine and naloxone was studied. Contractile 
responses increased as a function of stimulus frequency. In 
the absence of naloxone morphine inhibited the contractile 


It is well known that morphine increases intraductal 
pressure via a spasmogenic effect on the choledo- 
choduodenal junction (1). However, it is not known 
whether this action is due to an effect on the duo- 
denum only or on the sphincter of Oddi. The para- 
lyzing effect of morphine on the guinea pig intestine 
can be explained by inhibition of the release of ace- 
tylcholine (ACh) from the intrinsic nerve of the gut 
(2), but the mechanism of the effect of morphine on 
the biliary tract is not clear. 

Most studies of the physiology and pharmacology 
of extrahepatic biliary ducts have been done intra- 
operatively in humans (3,4), in vivo in animals by 
measuring pressure responses in the common bile 
duct (CBD) to systemically injected narcotics (5,6), or 
in vitro while perfusing the CBD and recording pres- 
sures (7.8). The results of these studies depend on 
the route of administration of the narcotics. Thus, 
when morphine-like drugs are injected intravenously 
as a component of intraoperative analgesia (3) or for 
postoperative pain relief (9), CBD pressure increases 
significantly, occasionally leading to development of 
a false roentgenologic picture of biliary tract stones or 
to biliary colic with subsequent needless exploration 
for choledocholithiasis (10). On the other hand, when 
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response to electrical stimulation in a dose-dependent man- 
ner. Naloxone prevented the inhibitory effect of morphine 
on the contractile response to electrical stimulation. We 
conclude that smooth muscle of the CBD in guinea pig ts 


functional and can contribute to biliary motility, and that 


opiate receptors exist in nerve elements in the CBD. 


Key Words: LIVER—bile ducts. ANALGESICS— 


morphine. 


narcotics are injected epidurally (6) in humans or in- 
traarterially in cats (8) the tone of the sphincter of 
Oddi is unchanged. It has been suggested that the 
variability in response of biliary tract tissue to nar- 
cotics may be due to the presence of opiate receptors 
in the biliary tree itself. The occupation of these re- 
ceptors by narcotics depends upon the route of 
administration of the narcotics. 

The presence of opiate receptors in the intestine is 
well established (11). However, information is lacking 
regarding the involvement of opiate receptors in the 
normal functioning of the biliary tree. Intrinsic gan- 
glion cells have been demonstrated histologically in 
the guinea pig’s CBD (12), and Ludwick (13) has pro- 
posed that they play a role in the control of CBD 
motility. We, therefore, decided to employ the guinea 
pig as a model for studying drug actions on the CBD. 
In the present work we looked at the effects of mor- 
phine on nerve-mediated responses. 


Methods 


Twenty-one adult male guinea pigs (350-600 g) were 
used in this study. They were killed by a blow on the 
head and bled. The CBD without its terminal portion 
(the sphincter of Oddi) was isolated and removed 
from the animal. Each preparation was set vertically 
between two platinum ring electrodes in a 10-ml or- 
gan bath by tying its lower end to a tissue holder that 
could be raised or lowered by the adjustment of a 
screw micrometer, and by tying its upper end to an 
isometric force transducer (Statham, Model UC-2). The 
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organ bath was filled with Krebs solution of the fol- 
lowing composition (in mM): NaCl, 120.7; KCL, 5.9; 
MgCl, 1.2; CaCh, 2.5; NaH2,PO,, 1.2; NaHCOs, 15.5; 
glucose, 11.5. The solution was bubbled with a gas 
mixture of 95% Oz and 5% CO; the pH was 7.4 and 
the temperature was 37°C + 0.5. The preparations 
were electrically stimulated (Grass Stimulator, Model 
5-88) with pulses of 0.5 msec width. The duration of 
each stimulus was 15 sec. Responses were recorded 
on a Could Recorder, Model 2200-S. | 

In a pilot study the optimal conditions of electrical 
stimulation of isolated guinea pig CBD were studied. 
The threshold intensity of stimulation was found to 
be 10 V. The amplitude of responses increased with 
the stimulus intensity until a plateau was attained at 
40 V. This voltage was then used in all subsequent 
experiments. Frequencies below 0.1 Hz did not produce 
consistent responses. In the experiments described 
below we used frequencies between 0.1-5 Hz. 

Before drugs were added the preparations were 
allowed to equilibrate for 1 hr under a tension of 0.5 
g. We also found that concentrations of morphine 
hydrochloride below 0.1 x 107° g/ml had no mea- 
surable effect on the response of CBD to electrical 
stimulation; therefore, in the present study morphine 
was added to the bath in concentrations ranging be- 
tween 0.1 x 107° and 2 x 1076 g/ml. Naloxone was 
added in concentration range between 0.01 x 10~® 
and 0.1 x 107° g/ml. Each drug was left in contact 
with the tissue for 1 min before the electrical stimuli 
were applied. The preparation was washed three times 
during the following 30 min, and new control values 
were recorded before the next drug application. 

The experiment was designed as follows: 1) control 
responses of CBD to electrical stimulation at various 
frequencies (in the range between 0.1 and 5 Hz) were 
measured; 2) the effects of various concentrations of 
morphine on the responses of the CBD were mea- 
sured; and 3) the effect of naloxone on the inhibitory 
action of morphine on the response of the CBD to 
electrical stimulation was recorded. To produce the 
reversal effect of naloxone on the morphine-induced 
inhibition the preparations were stimulated at con- 
stant frequency of 1 Hz, morphine was added at con- 
centration of 1 x 1076 g/ml, and naloxone in increas- 
ing concentrations was added after the inhibitory effect 
of morphine was recorded. 

Because responses to morphine are not completely 
reversible in vitro (11) the responses during each run 
at a given concentration of morphine or naloxone were 
compared with that of a baseline value established 
immediately before the concentrations changed, i.e., 
after three washings. Responses were measured as a 
function of stimulus frequency before and during ex- 
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Figure 1. Contractile responses of the guinea pig's isolated common 
bile duct to electrical stimulation. Contractile responses were re- 
corded by isometric force-transducer. The stimulus duration is in- 
dicated by the horizontal bars. 
(A) Control responses at various stimulus frequencies. 
(B) Morphine (2 x 107° g/ml) inhibited responses to electrical stim- 
ulation. 


posure to morphine. The effect of morphine is ex- 
pressed as the ratio (in percent) of the amplitude dur- 
ing and before morphine administration for each 
frequency. The drugs used were morphine hydro- 
chloride (Teva Pharmaceutical Industries, Israel) and 
naloxone (Du Pont De Nemours), and the figures rep- 
resent their final concentrations in the bath. The re- 
sults from up to 15 experiments were used for cal- 
culating the effects (mean + SE) of morphine at various 
frequencies. 


Results 


Figure 1A shows a sample of responses of the isolated 
CBD to electrical stimulation. The responses clearly 
increased as the frequency was increased from 0.1 to 
5 Hz (Table 1). Repeated stimulations at all frequen- 
cies for 1-2 hr produced stable responses in untreated 
tissues. 

When morphine was added to the bath the re- 
sponses of the CBD preparations to electrical stimu- 
lation were decreased below those observed before 
morphine was added (Fig. 1B). Significant inhibition 
was observed when morphine was applied at con- 
centrations over 0.1 x 10~° g/ml. In spite of variations 
in the responses it is evident that the effect of mor- 
phine is dose-dependent (Fig. 2). This inhibition was 
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Table 1. Responses of Isolated Guinea Pig’s Common Bile Duct to Electrical Stimulation 
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Figure 2. Effect of morphine on the re- 8 š T g/ml 
sponses to electrical stimulation at various pe ae -6 g/ml 


frequencies (mean + sE). Morphine con- 
centrations were 0.1, 0.3, 0.5, 1, and 2 x 
10 ° g/ml. Responses were measured as 
function of stimulus frequency before and 
during morphine application. The effect of 
morphine is expressed as the ratio (in per- 
cent) of the amplitude during and before 
morphine administration for each fre- 
quency. Each point is the mean of results 
from 6 to 15 different preparations at fre- 
quencies between 0.1 to 2 Hz, and from 4 
to 5 preparations at 5 Hz. 


60 


%, Control responses 


0.1 


prominent at low frequencies (0.1-1 Hz) and appears 
to be less at higher frequencies (Fig. 2). 

In the experiment shown in Figure 3 morphine (1 
x 10 ° g/ml) inhibited the responses to electrical stim- 
ulation at 1 Hz. Naloxone added during this inhibition 
caused recovery of response in a dose-dependent 
manner. The threshold for the naloxone effect was 
0.01 x 10 ° g/ml and it reached saturation at the con- 
centration of 0.1 x 10 ° g/ml. In a different series of 


01.0 x10 





0.2 03 O85 1 2 5 


Frequency (Hz) 


experiments naloxone was applied in the same con- 
centration range before morphine administration and 
it also antagonized the action of morphine. 


Discussion 


Most of the reports on the physiology of extrahepatic 
bile tracts deal with the motility of the gallbladder and 
the sphincter of Oddi; very few have examined the 
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role of the CBD in biliary dynamics. The aim of the 
present study was to record the contractile responses 
of the longitudinal muscle in the guinea pig’s CBD to 
transmural electrical stimulation and to measure the 
changes induced by morphine. The results show that 
the contractile responses of the CBD to transmural 
electrical stimulation increase with stimulus fre- 
quency, as has been seen in the isolated gallbladder 
(14). Also, morphine inhibited the contractile re- 
sponse in a concentration range of 0.1 to 2 x 107° 
g/ml. This inhibition was prevented by naloxone. The 
action of morphine was more prominent at low stim- 
ulus frequencies, as has been observed in the gut 
(2,11): 

Whether the common bile duct serves as a passive 
conduit or whether it can, by its own intrinsic activity, 
contribute ta the propulsion of the bile through the 
lumen is still the object of debate (15). There is his- 
tologic (12) and physiologic (15,16) evidence that lon- 
gitudinal smooth muscle is present in CBD and con- 
tributes to its mechanical activity. The results presented 
in this study also suggest that muscle fibers in the 
wall of the common bile duct may actively modify bile 
flow. The inhibitory effect of morphine on the re- 
sponse to electrical stimulation and the inhibitory ef- 
fect of naloxone on the response to morphine indicate 
the presence of opiate receptors in the guinea pig 
CBD. Similar results have been previously found in 
various parts of the gastrointestinal tract, and thus 
the present work suggests that the innervation of the 
CBD may be similar to that of the gut. 

To the best of our knowledge this is the first dem- 
onstration of opiate receptors in the CBD in any spe- 
cies. It can be concluded that the guinea pig CBD is 
suitable as a model for studying peripheral opiate 
receptors, and as a tool for investigating bile dynam- 
ics. This will further clarify the mechanism of nar- 
cotics action on the extrahepatic biliary tract. 
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Figure 3. Naloxone reverses in a dose-dependent manner the 
inhibiting effect of morphine (1 x 10° g/ml) on the CBD’s 
response to electrical stimulation at the frequency of 1 Hz. At 
a concentration of 0.1 x 10°° g/ml it completely reversed the 
effect of morphine. 
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Perioperative Evaluation of Regional Wall Motion by 
Transesophageal Two-Dimensional Echocardiography 


Fiona M. Clements, MD, and Norbert P. de Bruijn, MD 


With the introduction of transesophageal two-dimen- 
sional echocardiography into the operating room the 
subject of regional left ventricular (LV) wall motion 
presents itself to the clinical anesthesiologist. Over- 
whelming evidence of the sensitivity of regional wall 
motion as a marker of regional myocardial perfusion 
suggests that it will find a place for the monitoring of 
patients at risk for ischemia. In this review, we define 
regional wall motion, normal and abnormal, and ex- 
amine its relationship to regional myocardial perfu- 
sion. The practical aspects of recognizing, describing, 
and treating regional wall motion abnormalities will 
be addressed, with emphasis on transesophageal two- 
dimensional echocardiographic techniques. 

The development of transesophageal imaging tech- 
niques has taken place only during the past 10 yr. 
Frazin and co-workers in 1976 reported the use of an 
M-mode esophageal transducer for patients in whom 
conventional imaging techniques failed (1). Gener- 
ally, transthoracic images are technically poor when 
excessive adipose or lung tissue lies between the ex- 
ternal transducer and the heart. Thus, the esophagus 
provided better access to the heart. Matsumoto and 
co-workers employed esophageal transducers in sub- 
jects performing supine bicycle exercise and also in 
anesthetized patients (2,3). The incorporation of the 
transducer into a flexible gastroscope from which the 
fiber optics had been removed permitted the operator 
to direct the ultrasound beam in multiple planes from 
any position within the esophagus. With the devel- 
opment of miniature phased array transducers, ex- 
cellent two-dimensional imaging became feasible from 
the esophagus. Schliiter and co-workers reported their 
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use of such a transducer in 1982 (4), and it is this type 
of esophageal transducer that has been used by most 
investigators and that has produced the images pre- 
sented in this review. 


Normal Wall Motion 


Until recently, it was thought that the normal pattern 
of LV contraction was characterized by a uniform, 
almost concentric, inward motion of all points along 
the ventricular endocardium during systole (5). How- 
ever, this simplistic notion has been rejected by sev- 
eral investigators upon examining canine and human 
hearts with various methods, e.g., echocardiography, 
cineangiography, and sonomicrometry. By echocardi- 
ography, the normal ventricular wall is seen to thicken 
during systole and the endocardial surface moves in- 
ward. In comparing end-diastolic and end-systolic short 
axis views of the left ventricle, therefore, the ventric- 
ular cavity area is seen to decrease markedly during 
systole as the stroke volume is expelled, and the cir- 
cumference of the endocardial border is likewise de- 
creased in the systolic view (Fig. 1). 

With a real-time video display that provides 30 
frames per second, the observer integrates the visual 
information to yield an impression of good or poor 
contraction. The observer learns to discount the fact 
that the heart may shift its position in the chest with 
systole, or during the course of the respiratory cycle, 
concentrating on the wall thickening, LV cavity shape 
and size. The myocardium may not be imaged well 
in parts of the sector arc. If the endocardial and epi- 
cardial borders are not seen (echo dropout), then the 
impression of no contraction may be erroneously 
formed. Such echo dropout is prone to occur in the 
lateral fields of the image where ultrasound is re- 
flected off the myocardial walls in a haphazard fash- 
ion, producing poor cardiac definition. Similar arti- 
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Figure 1. Left ventricular short axis im- 
age (papillary muscle level) A. Diastole. 
B. Systole. endo = endocardium; epi = 
epicardium; WTh = wall thickness; EDA 
= end-diastolic area; ESA = end-sys- 
tolic area; CF.4 = end-diastolic endo- 
cardial circumference; CF., = end-sys- 
tolic endocardial circumference. 


REGIONAL WALL MOTION 


facts resulting from improper use of the gain controls 
(see later) or errors in imaging technique may lead to 
false interpretation of images. 

Left ventricular wall motion is not entirely uniform 
around the ventricle. In fact, contraction increases 
from base to apex, as described by wall thickening, 
fractional area change, and circumferential shortening 
of the endocardium (see Table 1). These parameters 
may also be applied to express regional myocardial 
function. Haendchen et al. (6) found the fractional 
area change of the LV cavity to be 40% at the base of 
the heart, increasing to 60% at the apex. Since the 
diastolic area at the apex is considerably less than that 
of the base, it is still the base of the heart that con- 
tributes the most to stroke volume, however. Fur- 
thermore, Rankin et al. (7) have shown in the canine 
heart that 87% of the stroke volume is derived from 
shortening in the short axis of the ventricle; very little 
contribution to cardiac output results from shortening 
of the long axis. Therefore, with two-dimensional 
echocardiography, myocardial contraction is best 
studied with multiple short axis views recorded at 
different levels along the long axis of the left ventricle 
(Fig. 2). 

The ventricular septum must be given separate 
consideration. Although normal septal wall thicken- 
ing is approximately 30%, it must be realized that this 
refers to the muscular lower portion of the septum. 
There is a basal membranous part that does not exhibit 
the same degree of contraction. Unlike the LV free 
wall, the septum is also a part of the right ventricle 
and subject to forces from both sides. It is attached 
superiorly to the aortic outflow tract. When the sep- 
tum is examined with multiple short axis views, it is 
normally found to move paradoxically in the basal 
portion; i.e., whereas the LV free wall moves inward 
during systole, the septum moves outward. Only in 
lower short axis views (midpapillary, low LV, apical) 
does it appear to move inward concentrically with the 
free wall. A similar paradoxical motion can also be 
seen during abnormal activation patterns of the ven- 
tricle, such as occurs with left bundle branch block or 
with ventricular pacing. 


Abnormal Wall Motion 


Abnormal wall motion is described by the terms hypo- 
kinesia, akinesia, and dyskinesia. Hypokinesia refers 
to contraction that is less vigorous than normal and 
generally slower. Wall thickening is diminished, as is 
fractional area change. Severe degrees of hypokinesia 
are easily distinguishable but mild hypokinesia may 
be quite subtle. The recognition of varying degrees of 
hypokinesia is often difficult in the absence of quan- 
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Table 1. Measured Parameters of Regional Wall Motion 
or Global Function 








Wih — Wiha 


% WTh = ———— x 100 
WTh.,. 
Endo CF.4 — Endo CF,, 
% CS = me — x 100 
Endo CF.u 
FAC = EDA — ESA 
E EDA 





Abbreviations: WTh, wall thickening; WTh,., end-systolic wall thickness; 
WTh,,, end-diastolic wall thickness; CS, circumferential shortening; Endo 
CF.4, end-diastolic endocardial circumferential length; Endo CF,., end-sys- 
tolic endocardial circumferential length; FAC, fractional area change, EDA, 
end-diastolic area; ESA, end-systolic area. 


titative measurements. Akinesia refers to the absence 
of wall motion, i.e., no wall thickening and no inward 
endocardial motion during systole. Akinesia is easily 
recognizable and characterizes severe dysfunction, 
usually as a result of infarction. Dyskinesia describes 
paradoxical motion, i.e., the outward motion of a por- 
tion of myocardium during systole when it should be 
moving inward. Dyskinesia is the hallmark of myo- 
cardial infarction and ventricular aneurysm. The 
anesthesiologist monitoring for ischemia is concerned 
with any deterioration in the contraction pattern from 
normal to hypokinesia, akinesia, or dyskinesia since 
this suggests a corresponding deterioration in myo- 
cardial blood flow. 


Relationship of Regional Wall Motion to 
Myocardial Perfusion 


The classic 1935 article by Tennant and Wiggers (8) 
described in detail how ligation of a coronary artery 
resulted in an almost immediate failure of contraction 
in the affected myocardium. In an open-chest animal, 
the myocardium was seen first to develop a weak 
contraction, progressing to no contraction and finally 
to an outward bulging during systole. They de- 
scribed, therefore, a progression of wall motion ab- 
normalities occurring with coronary occlusion from 
hypokinesia to akinesia, and finally to dyskinesia. 
These immediate effects occur with tissue hypoxia 
and develop concomitantly with the rise in myo- 
cardial lactate that is detected in the venous drainage 
of an ischemic region (9). Without oxygen, the pro- 
duction of ATP fails and regional acidosis develops. 
Calcium delivery to the contractile elements is im- 
paired and myocardial contraction becomes weak- 
ened. The onset of visible wall motion abnormalities 
occurs within 10-15 sec of coronary occlusion. This 
has been demonstrated experimentally by several in- 
vestigators (10-13). In human subjects undergoing 
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A. Apical 


B. Low left ventricular 


coronary angioplasty, similar findings have been re- 
ported (14). Within 15 sec of balloon occlusion of the 
coronary artery, hypokinesia develops. The physio- 
logic changes responsible for contraction abnormali- 
ties are not accompanied by histologic changes until 
15-20 mins of ischemia elapse. After this time, irre- 
versible cellular changes take place that involve most 
cells of the area after 60 mins (15). Wall motion ab- 
normalities observed by the anesthesiologist therefore 
may be reversible, when associated with a short pe- 
riod of ischemia, or irreversible, when associated with 
infarction. The progression of contraction abnormal- 
ities following coronary occlusion takes 30-60 secs to 
reach dyskinesia. In the instance of coronary con- 
striction and impaired myocardial perfusion, the se- 
verity of wall motion abnormality again corresponds 
to the degree of perfusion abnormality. At 50% re- 
duction of coronary flow hypokinesia develops; dys- 
kinesia takes place with 90-95% reduction in flow. 
This relationship is modified by changes in heart rate, 
since the key to development of contraction abnor- 
malities is really an imbalance in myocardial oxygen 
supply and demand: as demand increases at faster 
heart rates, so does the contraction abnormality ap- 
pear earlier for a given degree of coronary constric- 
tion. 


Sensitivity of Wall Motion Abnormalities 


The surface ECG has been reported to show ST-seg- 
ment elevation 30-60 secs after coronary occlusion. 
Therefore, if an appropriate lead is monitored, it should 
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Figure 2. Transesophageal transducer in 
situ to record a short axis image, as il- 
lustrated in Figure 1. The alignment of 
the esophagus approximately parallel 
with the long axis of the heart allows 
short axis images to be recorded at sev- 
eral levels as indicated. 


C. Papillary muscles 


D. Mitral valve leaflets 


be possible to identify myocardial infarction almost 
as quickly by ECG as by two-dimensional echocardi- 
ography. Of more interest, however, is the occurrence 
of severe coronary ischemia, which is likely to be seen 
much more frequently in clinical practice. Waters and 
co-workers (16) found that although hypokinesia ap- 
peared first at approximately 50% reduction in coro- 
nary blood flow, ECG changes did not occur until 
coronary blood flow was reduced by 75%. Similar 
results have been reported by others (Fig. 3). In hu- 
mans undergoing percutaneous transluminal coro- 
nary angioplasty, however, Alam et al. (14) reported 
echocardiographically diagnosed LV wall motion ab- 
normalities in 18 out of 20 balloon occlusions. All 
patients who had echocardiographic changes during 
balloon occlusion also had concomitant ECG ST-seg- 
ment elevations. The two patients without wall mo- 
tion abnormalities did not have any ECG changes. 
Both of these patients had extensive collateral blood 
supply to the segment of myocardium supplied by 
the stenotic coronary artery. 

Comparison of contractile function and ECG changes 
in the epicardium and endocardium further reveals 
that contraction abnormalities appear first in the en- 
docardium, preceding ST-segment changes from en- 
docardial leads (17). That ischemic manifestations 
should appear initially in the endocardium is not sur- 
prising. The subendocardium is known to be at great- 
est risk with coronary artery stenosis. 

smith and co-workers (18) compared surface 
electrocardiography and transesophageal two-dimen- 
sional echocardiography for detection of myocardial 
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Figure 3. Temporal relationship between acute coronary constric- 
tion and onset of ECG and regional wall motion abnormalities. This 
figure summarizes the data from several animal and human studies 
(9-17). 


ischemia in 50 anesthetized patients known to have 
coronary artery disease. Twenty-four of the 50 pa- 
tients developed new segmental wall motion abnor- 
malities intraoperatively; only six, however, devel- 
oped ST-segment changes. ST-segment changes were 
always accompanied by wall motion abnormalities, 
which developed before or simultaneously with the 
ST-segment changes. Of the three patients who de- 
veloped perioperative myocardial infarctions, only one 
had intraoperative ST-segment changes whereas all 
had persistent new wall motion abnormalities. Thus, 
most studies show that the sensitivity of regional wall 
motion abnormalities for the detection of myocardial 
ischemia is generally superior to that of the electro- 
cardiogram. 


Overestimation of Ischemic Area 


It has been well established that acute coronary ar- 
terial occlusion results in systolic dysfunction of the 
myocardium in the center of the ischemic zone. How- 
ever, systolic dysfunction of myocardium located at 
the lateral boundary of the ischemic area and in ad- 
jacent normally perfused tissue has also been re- 
ported (19). Several studies have now suggested that 
the total area of dysfunctional myocardium exceeds 
the area of infarcted myocardium. Lima et al. (20) 
investigated the topographic relationship between re- 
gional myocardial perfusion and function in 18 open- 
chest anesthetized dogs. They found that during 
transmural ischemia systolic wall thickening was 
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Figure 4. Diagram of short axis view of the left ventricle. Contrast 
medium injected into the coronary arteries enhances myocardium 
(shaded area). ECD = echo contrast defect, identifying nonper- 
fused ischemic myocardium. Note that the dysfunction extends 
beyond the true ischemic area indicated by the ECD. Tethering 
accounts for dysfunction occurring in normally perfused myocar- 
dium situated adjacent to the ischemic zone. 


markedly impaired in nonischemic myocardium im- 
mediately adjacent to the ischemic region and was 
impaired to a lesser degree in regions further away. 

The impairment of function in nonischemic tissue 
has been thought to be caused by a tethering effect, 
meaning that the attachment of noncontracting, in- 
farcted tissue mechanically impairs contraction in nor- 
mally perfused adjacent tissue. Wyatt et al. (21) sug- 
gested that ischemic muscle fibers parallel to 
nonischemic fibers might function as a parallel re- 
sistance, resulting in impaired shortening of adjacent 
normal fibers. Studies using sonomicrometry, on the 
other hand, have suggested that tethering is a rela- 
tively unimportant phenomenon (22). Recently, Force 
et al. (23) used contrast echocardiography to delineate 
in vivo the border between ischemic and nonischemic 
myocardium. Injection of contrast material into the 
coronary circulation results in enhancement of the 
echo density of the normally perfused myocardium 
on the echocardiographic image. In this study, teth- 
ering was defined as systolic dysfunction of border 
myocardium that enhanced with contrast. It was found 
in 12 dogs that the echo contrast defect (ECD), delin- 
eating the ischemic region, occupied 32% of the myo- 
cardial circumference. Tethering accounted for 4% of 
the circumference, involving less than 1 cm on either 
side of the ECD (Fig. 4). The authors concluded that 
tethering leads to an unavoidable overestimation of 
infarct size but involves a small and relatively pre- 
dictable amount of myocardium. 

Studies comparing the areas of contractile dys- 
function with pathologic evidence of myocardial per- 
fusion abnormalities have relied on postmortem evi- 
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dence of infarction. Matching of contraction 
abnormalities that occur antemortem requires the use 
of internal landmarks on the-images, which may be 
distorted by postmortem processing, thus making the 
comparisons less valid. Further, it is well known that 
after a period of impaired myocardial perfusion suf- 
ficient to cause ischemia but not infarction, contrac- 
tion abnormalities may persist for a long time (24,25,27). 
Coronary occlusions of 15 min have resulted in hypo- 
kinesia persisting for 6 hr or longer (stunned myo- 
cardium) (27). Such reperfusion abnormalities can lead 
to overestimation of infarct size in the experimental 
model, and also in clinical situations now frequently 
encountered. 

At least some overestimation of ischemic area may 
be caused by limitations inherent in analysis prace- 
dures used to evaluate regional LV function from two- 
dimensional echocardiographic images. Force and co- 
workers (23) found that the standard analysis algo- 
rithms exaggerated the tethering effect, in their study 
increasing the size of the dysfunctional segment from 
32% to 39% of the myocardial circumference. 


Regional Wall Motion to Guide Therapy 


Having discovered the sensitivity of regional wall mo- 
tion to myocardial perfusion, anesthesiologists are now 
interested in using echocardiography to guide ther- 
apy. There are a number of studies in the literature 
that examine the effects of drugs on wall motion of 
the ischemic myocardium. Morrison et al. (28) re- 
ported the use of M-mode echocardiography in pa- 
tients with coronary artery disease to determine the 
reversibility of posterior wall asynergy after admin- 
istration of sublingual nitroglycerin. Komer and col- 
leagues (29) also studied the effects of nitroglycerin 
on regional LV performance in open-chest dogs dur- 
ing acute myocardial ischemia. Transient occlusion of 


the left anterior descending coronary artery caused ` 


end-diastolic thinning and a marked reduction in sys- 
tolic thickening in the central ischemic zone. In their 
study, nitroglycerin did not improve regional myo- 
cardial performance in this model of the acutely isch- 
emic canine myocardium. Kerber and co-workers (30) 
examined LV wall stress and found that it was nearly 
doubled in the ischemic region after coronary occlu- 
sion but was lowered to control levels by both nitro- 
glycerin and nitroprusside. These effects should be 
beneficial because the decrease in wall stress and the 
resultant reduction of myocardial oxygen consump- 
tion is an important mechanism for the reduction of 
myocardial injury after coronary occlusion. In another 
study, Kerber et al. (30) reported that positive ino- 
tropic agents have two opposing effects on the dys- 
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Figure 5. Division of the long axis view of the heart into three 
parts, as recommended by the American Society of Echocardiog- 
raphy (diagram adapted to transesophageal orientation). L3 = 
one-third of cardiac long axis length. 


kinesis of acutely ischemic myocardium—increased 
aneurysmal bulging during isometric contraction but 
improved wall velocity during ejection. Echocardi- 
ography has been used to evaluate the effect of in- 
halation anesthetics on global LV function (32,33), but 
not specifically on regional wall motion. These var- 
ious studies indicate that two-dimensional echocardi- 
ography may be advantageous for the immediate as- 
sessment of pharmacologic interventions. Similarly, 
the effects of surgical interventions may be assessed. 
The effects on cardiac function of cross-clamping the 
abdominal aorta have been studied (34), and the im- 
mediate effects of coronary artery bypass grafting or 
valve replacement may be evaluated in the operating 
room. 


Qualitative Assessment of Regional 
Wall Motion 


Clinical, qualitative real-time examination of two-di- 
mensional images for segmental wall motion abnor- 
malities requires systematic, segment-by-segment ex- 
amination for systolic wall thickening and endocardial 
motion. The identification of specific cardiac segments 
has been hampered by the lack of standard nomen- 
clature for transesophageal views. Most investigators 
have adapted the recommendations of the American 
Society of Echocardiography (35) in which the left 
ventricle is divided into three parts along its long axis 
(Fig. 5). These are termed the basal, mid, and apical 
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Figure 6. Division of the short axis view of the heart into eight 
segments as recommended by the American Society of Echocardi- 
ography, LVFW = left ventricular free wall; RVFW = right ven- 
tricular free wall. 


regions; the basal portion extends from the mitral valve 
annulus to the tips of the papillary muscles, the mid- 
portion extends from the tips to the bases of the pap- 
illary muscles, and the apical region constitutes the 
remainder of the ventricle. Cross-sectional or short 
axis views of the left ventricle can be obtained at mul- 
tiple levels from the mitral valve annulus to the apex. 
With transesophageal echocardiography, this is ac- 
complished by advancing the transducer along the 
esophagus. The LV image appears circular in cross 
section, with the interventricular septum accounting 
for 40% of its circumference. Although the septum 
constitutes a part of both ventricles, its thickness and 
spatial configuration suggest that it is an anatomic 
and functional part of the left ventricle. The American 
Society of Echocardiography has recommended di- 
vision of the myocardial wall into eight segments on 
the short axis image, except for the apical image, which 
is divided into four segments (Fig. 6). Thus, 20 LV 
segments are defined when the three short axis levels 
are considered. For simplicity, the LV wall can be 
divided on the basal and midventricular short axis 
images into four segments only—anterior, lateral, in- 
ferior, and septal. 

Heger and Weyman (36) correlated regional wall 
asynergy with the site of myocardial infarction in 37 
patients; they considered the left ventricle in nine 
segments, dividing basal and midpapillary muscle short 
axis images into four segments each and leaving the 
apex as one segment (Fig. 7). The most frequently 
involved segments were those in the midpapillary 
muscle short axis image, followed by the apical seg- 
ment. The midpapillary short axis view, therefore, 
which includes segments of myocardium represent- 
ing all three coronary arteries, appears to be the best 
single view with which to monitor regional wall mo- 
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Figure 7. Simplified segmental division of the left ventricle into 
nine segments. [Adapted from Heger et al, (26).] 


tion abnormalities associated with ischemia. Never- 
theless, it should be realized that monitoring only one 
view necessarily results in a failure to detect wall mo- 
tion abnormalities that may develop at other levels of 
the ventricle. If the patient’s coronary anatomy is 
known from coronary angiography, an appropriate 
level for monitoring segments at risk may be selected. 
The appearance of significant wall motion abnormal- 
ities is usually obvious, but subtle changes may be 
difficult to pinpoint unless images can be compared 
over time. Some echocardiographs allow up to four 
images to be recalled to the video screen for this pur- 
pose. 

Although anesthesiologists unfamiliar with two-di- 
mensional echocardiography may question their abil- 
ity to recognize wall motion abnormalities on the video 
image, we have found that this skill is easily acquired. 
We exposed a group of 53 clinicians (anesthesiolo- 
gists, residents, and CRNAs) to 20 min of instruction 
about transesophageal echocardiography and the rec- 
ognition of regional wall motion abnormalities. With 
this background, they were asked to grade regional 
wall motion for 12 videotape recordings and their scores 
were compared with those of four trained observers. 
The 53 clinicians correctly identified 95% of the re- 
gional wall motion abnormalities. They correctly as- 
sessed 62% of the normally contracting regions; the 
incorrect responses (38%) most frequently were hypo- 
kinesia (32%), the mildest grade of abnormality (37). 


Quantitative Assessment of Regional 
Wall Motion 
Two-dimensional echocardiography is very suitable 


for the assessment of regional wall motion because 
the entire left ventricle can be seen by a combination 
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Figure 8. Short axis image to show leading and trailing edges of 
the myocardial borders. Low gain conceals the posterior part of 
the LV endocardial border in the upper part of the image. High 
gain in the lower part of the image blurs and widens the anterior 
endocardial and epicardial borders. LE = leading edge; TE = trail- 
ing edge. 


of views, and specifically it allows visualization of 
both endocardium and epicardium. Cineangiogra- 
phy, on the other hand, reveals only endocardial mo- 
tion. Systolic wall motion abnormalities are quantified 
echocardiographically by endocardial motion, abnor- 
mal circumferential shortening, and systolic wall 
thickening (Table 1). Endocardial movement, repre- 
senting LV ejection at a global level, can be used to 
express a regional or segmental ejection fraction. 

The first step in the quantitative analysis of regional 
wall motion is the selection of appropriate beats. Only 
a sinus beat, preceded by a sinus beat, should be used 
for quantitative analysis in order to circumvent the 
problem of postextrasystolic potentiation. 

The second step in the process is to define end- 
diastole and end-systole. End-diastole is commonly 
defined by gating the echocardiogram to the ECG, the 
frame coinciding with the peak of the R wave being 
used as the end-diastolic frame. End-systole is com- 
monly defined as the frame with the smallest LV cav- 
ity area, or may be identified by gating to the peak 
of the T wave. Obviously, only images with at least 
80-90% of the endocardium and epicardium clearly 
visualized can be used. These outlines are then traced 
on paper with a wax pen or drawn with a digitizing 
pad or a light pen and the resulting analog data are 
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Low Gain 


High Gain 


computer digitized for analysis. Wyatt and co-work- 
ers (38) tested several methods in vitro for the accu- 
racy of linear and cross-sectional measurements and 
in vivo for LV volume reconstruction. They recorded 
images with high and low “gain” settings (more or 
less black and white in the image) and they traced 
the myocardial borders using several methods. 

Myocardial borders imaged by echocardiography 
have a thickness defined by the echoes reflected by 
the myocardial surfaces. This thickness is magnified 
with high gain settings blurring the borders such that 
accurate tracing may become more difficult (Fig. 8). 
The leading edge of the border is the edge nearest to 
the transducer whereas the trailing edge is the one 
that is furthest away. Borders lying perpendicular to 
the ultrasound beam are well defined but those in the 
lateral field tend to be less well defined. Wyatt (38) 
compared the accuracy of tracing borders by the lead- 
ing-trailing, the trailing—leading, and the lead- 
ing—leading methods. The first of these methods re- 
quires the observer to trace from the leading edge of 
the border closest to the transducer to the trailing edge 
of the more distant border, traversing the middle of 
the echoes on the lateral field. This method, therefore, 
includes most of the width of the entire circumfer- 
ential border. The trailing—leading method is the re- 
verse of this, excluding almost the entire width of the 
border and resulting in a smaller circumferential mea- 
surement. The leading—leading method includes the 
width of the border nearest the transducer but ex- 
cludes the border furthest away (Fig. 9). 

Regression analysis of the in vitro study comparing 
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two-dimensional echocardiography with direct mea- 
surements yielded excellent correlations for all three 
methods (r > 0.985) with interobserver variability of 
<3%. Accuracy of the measurements, however, was 
satisfactory only for the leadirg-leading method, which 
had 3% and 6% error at low and high gains, respec- 
tively. The other methods overestimated or under- 
estimated wall thickness substantially. 

It can be seen that a number of technical problems 
affect measurements of regional wall motion, which 
accounts for some of the discrepancies reported in the 
literature. In addition, an enormous number of com- 
puter analyses have been applied to two-dimensional 
images. Since the analysis of systolic wall motion re- 
quires a comparison of diasżolic and systolic images, 
the initial step necessitates that the image borders be 
referenced to a specific geographic location. Fixed ref- 
erence systems relate the myocardial borders to some 
fixed point on the video screen. This point may lie 
external to the cardiac image (fixed external reference) 
or may lie within the myocardial borders (internal 
reference). A fixed internal reference point in com- 
mon usage is the center of mass calculated from the 
systolic endocardial border. If during systole the heart 
rotates or shifts within the chest cavity, the fixed ref- 
erence systems will interpret this rotation and trans- 
lation as wall motion representing myocardial con- 
traction. Floating axis reference systems, on the other 
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Figure 9. Short axis image of the left ventricle. The endocardial 
outline has been traced using the leading-leading edge method, 
such that the thickness of the LV posterior endocardium is included 
within the traced border and the thickness of the anterior endo- 
cardium is excluded. The thickness of the septum and the lateral 
wall are bisected by the traced line. 


hand, attempt to correct for rotation or translation by 
superimposing one or two reference points identified 
on both the systolic and diastolic images (Fig. 10). For 
example, the center-of-mass analysis superimposes 
the diastolic and systolic centers of mass. Even this 
modification, however, can lead to misleading inter- 
pretations, thus tending to minimize the degree of 
abnormal motion. 

The use of systolic wall thickening rather than en- 
docardial movement does not completely eliminate 
errors. For example, Force (23) and Armstrong (26) 
and their associates have shown how the center-of- 
mass analysis can overestimate the extent of infarction 
by two mechanisms, namely, lengthening of an isch- 
emic segment in systole or hypercontractility of nor- 
mal tissue (excessive shortening of nonischemic seg- 
ments) during systole. These common occurrences 
cause the ischemic segment to occupy significantly 
more of the LV circumference during systole than it 
does in diastole. With this center-of-mass analysis, 
the length of a dysfunctional segment is expressed as 
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Figure 10 Diagrams of systolic and diastolic endocardial Þorders, 
Ser ore and after correction by floating axis reference systems. 
X, systolic center of mass; C3, diastolic center of mass. 








a percentage of the diastolic circumference. However, 
dysfunction is identified by comparing radii from the 
centers of mass in the diastolic and systolic images. 
Mismatching of radii traversing normal myocardium 
in diastole with those traversing dysfunctional myo- 
cardium in systole occurs because the radii are matched 
without reference to any myocardial landmark (Fig. 
11). 

The validity of the different reference methods has 
been examined by several investigators. Schnittger 
and co-workers (39) studied 61 subjects with the use 
of 44 variations of the different reference methods to 
compare their accuracy in the quantitation of ventric- 
ular wall motion. Using a transducer placed on ‘the 
chest wall, parasternal short axis views at the mitral 
valve and papillary muscle levels were examined, in 
addition to an apical four-chamber view. The broad 
categories of reference methods employed included a 
fixed external reference, a floating reference correct- 
ing for translation, and a floating reference correcting 
for both translation and rotation. Initially, the LV wall 
motions of 20 normal subjects were analyzed and plot- 
ted to obtain a 95% confidence interval for each of the 
44 methods. Subsequently, the wall motions of an 
additional ten normal and 31 abnormal subjects were 
compared with the initial group. This study revealed 
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Figure 11. Diagrams of short axis images of the LV wail in diastole 
and systole, illustrating a center-of-mass analysis for systolic wall 
thickening. 
LJ, infarct zone; Ng, wall thickness of oma myocardium in di- 
astole; N,; wall thickness of normal myocardium in systole; ANa, 
wall thickness of normal myocardium adjacent to infarct zone in 
diastole; AN,, apparent wall thickness of normal myocardium ad- 
jacent to infarct zone in systole; COM, center of mass. 

Systolic thinning and lengthening of the infarct zone result in 
a shift of the COM in systole. For analysis of wall thickening, the 
myocardial circumference is divided into multiple radii. Diastolic 
and systolic radii are matched by their positions relative to the 
horizontal. In this way, the diastolic thickness of normal myocar- 
dium ANa can be matched with the thickness AN, along a radius 
that falls within the infarct zone. 


that the absolute values for LV wall motion varied 
markedly when different reference methods were ap- 
plied to the same two-dimensional view, and also 
when the same reference method was applied to dif- 
ferent views. Fixed external reference systems gen-' 
erally resulted in wider normal bands than did float- 
ing axis methods. For each reference method, the band | 
of normal wall motion was wider for a short axis view 
at the level of the mitral valve than for one at the 
papillary muscle level. At the mitral valve level, there 
was approximately 5 degrees of rotation with systole. 
The fulcrum of torsion appeared to lie in the body of 
the left ventricle at the midpapillary muscle level. 
Translational movement was also found to be minimal 
at this level. Therefore, a fixed reference analysis 
method was found to be satisfactory for the short axis 
view at the papillary muscle level, and in fact was 
superior to the floating axis reference system for this 
view. Sensitivity and specificity for normal wall mo- 
tion at this level were both 95%, clearly superior to 
the values obtained with other two-dimensional views. 
It should be noted, however, that the fixed reference 
analysis applied, while not correcting for translation, 
matched radii using a myocardial landmark, the pap- 
illary muscle, thus correcting for rotation (Fig. 12). 
Schnittger’s results compare well with those of Parisi . 
et al. (40), who, using slightly different methods, re- 
ported sensitivity at 95%, specificity at 89%, and pre- 
dictive accuracy at 92% with a fixed reference analypip 
of the same short axis view. 

Several investigators have examined the adiar 
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Figure 12. Fixed reference analysis of endocardial motion using 
the systolic center of mass as the reference point and the papillary 
muscle as the point of origin for construction of radii on the en- 
docardia] border. 

Esp, endocardial border at end-diastole; Egs, endocardial border at 
end-systole; J, center of mass calculated from end-diastolic en- 
docardial border; X, center of mass calculated from end-systolic 
endocardial border. 


tages of dividing the ventricular image into radii vs 
areas, again usually considering only endocardial bor- 
ders. Grube et al. (41) found a slight advantage of 
area over radial methods and Parisi et al. (40) reported 
predictive accuracy to be better with an area method 
than with a radial method in conjunction with a fixed 
reference system. When a floating axis reference sys- 
tem was used, however, there was no difference be- 
tween radial and area methods. Schnittger et al. (39) 
found no difference between area and radial methods 
with image subdivisions up to 45 degrees. In general, 
5-30-degree sampling intervals have been recom- 
mended. 

In contrast to measurements of endocardial wall 
motion, the measurement of LV wall thickening is not 
generally subject to errors introduced by translation 
and rotation of the heart. In using two-dimensional 
echocardiography, systolic wall thickening of the hu- 
man LV free wall is seen to vary from 40 to 80% 
(42-44). In animals, values of 10-30% have been re- 
ported (45-47). This apparent discrepancy between 
human and animal data has been ascribed to the in- 
clusion of compressed trabeculae carneae in the ap- 
parent wall thickness as measured by echocardiog- 
raphy. Most animal studies have been done using 
more direct methods, such as sonomicrometry, with 
ultrasound crystals attached to epicardium and en- 
docardium. 

To validate the echocardiographic measurement of 
wall thickening, Feneley and Hickie (48) studied 18 
normal subjects in whom two-dimensional echocar- 
diograms of the LV short axis were recorded at a 
midpapillary muscle level. The endo- and epicardial 
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outlines were traced and planimetered to calculate the 
myocardial cross-sectional areas at end-systole and 
end-diastole. The investigators reasoned that since 
myocardial cross-sectional area is a function of wall 
thickness and wall circumference, overestimation of 
systolic wall thickening by echocardiography would 
be expected to involve an overestimation of end-sys- 
tolic myocardial cross-sectional area relative to end- 
diastolic cross-sectional area. As a matter of fact, they 
found a close correlation between the two parameters, 
with the slope of the regression line approaching un- 
ity. They concluded that there is not a significant over- 
estimation of systolic wall thickening by two-dimen- 
sional echocardiographic techniques. In this study, 
systolic wall thickening averaged 50%, exceeding the 
values in animal studies and in some of the previous 
studies in humans. 

The advantages of measuring systolic wall thick- 
ening rather than endocardial motion make it more 
desirable for quantitative studies. Image quality is not 
always adequate for delineation of both endocardium 
and epicardium, but with the recent introduction of 
improved transducers, and with transesophageal ac- 
cess to the heart, systolic wall thickening is becoming 


a measureable and useful parameter of cardiac con- 


traction. | 

Transesophageal two-dimensional echocardiog- 
raphy represents the first practical means by which 
anesthesiologists can measure and monitor LV di- 
mensions. For a number of years, the Diasonics Cor- 
poration has been the sole manufacturer of transe- 
sophageal ultrasound probes. However, with the 
increasing interest in transesophageal echocardiog- 
raphy among both anesthesiologists and cardiolo- 
gists, other manufacturers have begun to develop 
transducers for esophageal use. Although the use of 
transesophageal echocardiography is not yet wide- 
spread (because of its expense and unfamiliarity), we 
and others have found that the technique is simple. 
We train our residents to use the equipment and in- 
terpret the images without the assistance of additional 
personnel. 

Measurement of end-diastolic volume and end-di- 
astolic area (of the short axis image) allows more pre- 
cise definition of LV preload than does measurement 
of the central venous pressure or pulmonary artery 
occluded pressure. From dimension and pressure 
measurements, it becomes feasible to measure wall 
stress, which relates to myocardial oxygen consump- 
tion. 

By considering the dimensions of single segments 
or regions of the LV wall, regional rather than global 
wall motion can be assessed. We have seen that ab- 
normalities of regional wall motion are sensitive 
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markers of regional myocardial ischemia. However, 
it has also become clear that they are not specific for 
ischemia, as they persist in the face of restored per- 
fusion or infarction. In monitoring for ischemia, the 
objective involves the serial evaluation of wall motion, 
since changes occurring over time denote alterations 
in myocardial perfusion rather than infarction. Sev- 
eral pitfalls in technique, such as gain maladjustments 
or failure to monitor the same LV segments, can lead 
to errors in image interpretation. 

Qualitative interpretation, although relatively easy 
to learn, lacks precision, and the full potential of re- 
gional wall motion monitoring awaits the develop- 
ment of on-line quantitative measurements. The var- 
ious off-line computerized analyses each has its 
limitations. It appears, however, that efforts should 
be concentrated on the measurement of systolic wall 
thickening rather than endocardial movement as of- 
fering the least potential for error in analysis. With 
improvements in image quality that allow more pre- 
cise cardiac definition and advances in computer tech- 
nology, quantitative measurements will become eas- 
ier and more timely. It is reasonable to expect that 
transesophageal echocardiography will supplement 
the information provided by the electrocardiogram 
and the pulmonary artery catheter in patients with 
ischemic heart disease; in some patients, it may en- 
tirely obviate the need for a pulmonary artery cath- 
eter. For example, patients who require carotid end- 
arterectomy have a high incidence of coronary artery 
disease but would not merit a pulmonary artery cath- 
eter for reasons other than ischemia monitoring. Like- 
wise, patients with a history of coronary vasospasms 
but good ventricular function could be monitored with 
transesophageal echocardiography and spared the 
pulmonary artery catheter. 

In addition to the measurement of regional and 
global cardiac function, the ability to define cardiac 
anatomy, to detect intracardiac air, and, with Doppler 
color flow mapping, to map the course of intracardiac 
blood flow suggests that cardiac imaging has come to 
stay in anesthetic practice. 
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Clinical Reports 


Failure of High Frequency Jet Ventilation to Ventilate Patients 
Adequately during Extracorporeal Shock-Wave Lithotripsy 


Jerry J. Berger, MD, Philip G. Boysen, MD, Joachim S. Gravenstein, MD, 
Michael J. Banner, RRT, MEd, and Christel A. Carlson, MD 


High frequency jet ventilation (HFJV) has been used 
successfully for extracorporeal shock-wave lithotripsy 
(ESWL) to diminish renal stone movement during 
general anesthesia and to decrease the number of 
shocks delivered inadvertently to healthy tissue (1). 
Although usually uneventful, we present here eight 
cases out of 407 in which HFJV failed to ventilate 
patients undergoing ESWL, which necessitated the 
use of conventional mechanical ventilation (CMV). 


Materials and Methods 


Four hundred and seven patients were monitored 
during ESWL by an automated blood pressure cuff 
(Ohio Sentry), an electrocardiogram, a precordial 
stethoscope, a pulse oximeter (Nellcor), and a neu- 
romuscular blockade monitor (Professional Instru- 
ments NS-2C). A capnograph (Accucap) and a polar- 
graphic-type oxygen analyzer were placed in-line at 
the junction of the endotracheal tube and the Y-piece 
of the anesthesia circuit to measure partial pressure 
of end-tidal carbon dioxide (PETco,) and Flo,, respec- 
tively. In all patients anesthetic technique was stan- 
dardized. 

After preoxygenation, anesthesia was induced with 
intravenous thiopental and fentanyl, 4 wg/kg. A bolus 
of atracurium, 0.5 mg/kg, was used to facilitate tra- 
cheal intubation, which was achieved with a multiple- 
lumen, Hi-Lo Orotracheal Tube (NCC-Mallinckrodt). 
After intubation, anesthesia was maintained with 70% 
N,O/O, and a fentanyl infusion 1-2 ugkg`+hr~ +, and 
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muscle relaxation was continued with boluses of atra- 
curium as needed. Initially, CMV (tidal volume, 12 
ml/kg; frequency, 8-10 breaths/min) was used. 

After positioning the patient in the ESWL tank, 
ventilation was changed to HFJV with a solenoid valve- 
actuated, time-cycled jet ventilator (Healthdyne Model 
300) through a 14-gauge, blunt-needle injector posi- 
tioned centrally at the proximal port of the endotra- 
cheal tube. To maintain PETco, below 40 mm Hg ata 
frequency of 100 breaths/min and 20% inspiratory time 
(0.12 sec), drive pressure was adjusted between 25 to 
40 psi. PETco, was measured by turning off the ven- 
tilator and providing a large tidal volume (V7) from 
the anesthesia bag of the circle system; the patient’s 
exhaled CO. was measured using a capnograph. Ni- 
trous oxide and oxygen concentrations were main- 
tained by directing the gases into the ventilator by 
means of a N2O/O, blender (Bird Products Corpora- 
tion). 


Results 


Jet ventilation had to be abandoned in eight patients 
who developed bronchoconstriction and wheezing 
when switched from CMV to HEJV in the lithotripter 
bath. Patients’ ages ranged from 37 to 84 yr (seven 
men, 1 woman). Six patients were classified ASA I or 
II, and two patients, ASA HI. Four patients had a 
history of cigarette abuse. Preoperative chest x-ray 
films were normal and none of the patients had a 
history of asthma. Despite increases in drive pressure 
to as high as 45 psi, PETco, increased to between 45 
and 54 mm Hg in these patients and wheezing con- 
tinued. High frequency jet ventilation was then aban- 
doned and conventional ventilation instituted with 
the addition of isoflurane into the anesthesia circuit. 
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Wheezing ceased and PETco, decreased to below 35 
mm Hg in all eight cases. No further difficulty with 
ventilation occurred during the remainder of ESWL. 


Discussion 


HFJV has been used in patients with acute respiratory 
failure due to adult respiratory distress syndrome (2,3). 
However, our experience has been that downstream 
changes in airway resistance (R,,,) may affect alveolar 
ventilation profoundly during HFJV. Increases in Raw 
necessarily result in higher peak inflation pressure, 
as long as all other factors remain constant. Flow en- 
trainment varies inversely with airway pressure (Paw), 
given the same jet caliber and drive pressure (4,5). 
Paw, Which changes with conditions such as asthma 
or reactive bronchospasm in airways, is particularly 
important because downstream resistance tends to 
stall the flow from the injector, i.e., entrained flow is 
reduced, and as a consequence, V+ is decreased. Ban- 
ner and Boysen (6) studied airway resistance and gas 
entrained with HFJV in a test lung and found that 
with increased Raw, Vr and gas entrainment decreased 
to the point where minute ventilation was compro- 
mised. This occurrence is probably why HFJV was 
inadequate in our patients who developed broncho- 
spasm. Carlon et al. (2) reported on 17 patients with 
respiratory failure who could not be ventilated by 
conventional means but improved with HFJV. How- 
ever, one patient with chronic pulmonary disease de- 
veloped severe bronchospasm upon initiation of HFJV 
and had to be placed back on CMV. The problem of 
bronchospasm and adequate ventilation with high 
respiratory rates (100-200 breaths/min) is not unique 
to HFJV but has also been reported with high fre- 
quency oscillation (HFO) at rates of 900 breaths/min. 
Crawford and Rehder (7) reported on 67 patients 
without a history of lung disease, of whom two de- 
veloped bronchospasm when placed on HFO. These 
patients had the highest increase in lung volume and 
the investigators hypothesized that expiratory flow 
limitations may occur during HFO in recumbent, 
anesthetized patients. Rossing et al. (8) studied va- 
gotomized dogs given histamine to assess the effect 
of bronchospasm on HFO. They noted that conduct- 
ance for CO, transport in the lung was less during 
histamine infusion and reported a marked loss of CO, 
removal during high frequency ventilation in the 
presence of bronchospasm. Because entrainment of 
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gas is not a feature of HFO, redistribution of more of 
the Vr to a central airway, termed “shunt compli- 
ance,” may have decreased the percentage of Vr that 
actually reached the peripheral gas exchange zone. 
Although Banner and Boysen (6) concluded that HFJV 
is contraindicated in patients predisposed to acute 
bronchospasm, its continued use would be advan- 
tageous in patients undergoing ESWL to decrease renal 
stone excursion, thus warranting attempts to use this 
mode of ventilation even in patients with a history of 
bronchospasm. 

After these eight cases of bronchoconstriction dur- 
ing anesthesia with fentanyl and N20/0-2 in 407 pa- 
tients, we introduced isoflurane by entrainment 
through the circle system during HFJV in an addi- 
tional 200 cases. These 200 patients received fentanyl, 
N20/0.-, and atracurium as the primary anesthetics, 
with low concentrations of isoflurane entrained into 
the circuit. We have had no further problems with 
HFJV in patients who had not wheezed before the 
induction of anesthesia. The ability to use an inha- 
lational anesthetic during HFJV appears to broaden 
the spectrum of patients in whom HFJV can be used 
during ESWL. 
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Reversal of Apparent Tolerance to Epidural Morphine by Epidural 


Methylprednisolone 


Gary S. Feldstein, MD, Steven D. Waldman, MD, and Mark L. Allen, MD . 


Use of epidural narcotics represents a great advance 
in the management of cancer pain. Unfortunately, 
tolerance to epidural narcotics frequently develops, 
necessitating neurodestructive procedures or phar- 
macologic attempts to “rest” spinal opiate receptors 
(1). Coombs et al. (2) demonstrated dural thickening 
surrounding an epidural catheter with a concomitant 
decrease in cerebrospinal fluid (CSF) morphine con- 
centration resulting in apparent tolerance. We report 
reversal of apparent epidural morphine tachyphylaxis 
by the injection of methylprednisolone and lidocaine 
into the epidural space via a subcutaneous Se 
narcotic delivery system. 


Case Report 


A 69-yr-old male with small cell carcinoma of the ii 
and metastic involvement of the T-7 vertebral body 
presented with intractable chest wall and back pain. 
His pain was unresponsive to nonsteroidal antiin- 
flammatory agents, tricyclic antidepressants, narcotic 
analgesics, and epidural steroids. After appropriate 
preimplantation screening (3) an epidurally placed in- 
traspinal narcotic delivery system (INDS) was rec- 
ommended. In April, 1985, a Radovan reservoir (Heyer 
Schulte #78635) was implanted with a silastic epidural 
catheter at the seventh thoracic vertebra to allow for 
intermittent epidural administration of morphine. The 
reservoir initially contained 6 mg of morphine dis- 
solved in 10 ml of preservative-free saline that was 
added every 24 hr. In order to inject the INDS, the 
subcutaneous reservoir was identified by palpation 
and the overlying skin was prepared with a providine- 
iodine solution. A 22-gatige 4 cm needle attached to 
a syringe containing the morphine solution was ad- 
vanced through the skin and subcutaneous tissue into 
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the reservoir. The solution was slowly injected and 
the needle and syringe were removed. The dose of 
epidural morphine given from the reservoir was in- 
creased as needed in 0.5 mg increments. 

In September 1985, the patient noted that 8 mg of 
morphine in 10 ml of preservative free saline provided 
only 15 hr of pain relief. He also complained of severe 
burning in the midthoracic area during injection of 
morphine solution into the reservoir. The burning 
had increased in severity over the last week. He was 
afebrile and exhibited no systemic signs of an under- 
lying infection. Examination of the skin overlying the 
reservoir and catheter showed no sigri of infection. 
The patient was fully ambulatory and denied bowel 
or bladder symptoms. A computerized tomographic 
(CT) examination of the thoracic spine was obtained 
to rule out añ occult epidural lesion. The CT scan as 
well as complete blood count and blood cultures were 
all negative. The patient’s complaint of burning on 
injection was attributed to inflammatory changes in 
the epidural space. Methylprednisolone, 40 mg (Depo- 
Medrol, Upjohn), suspended i in 6 ml of 1% lidocaine 
was injected via the INDS in an effort to relieve the 
burning on injection. Within 48 hr, injections made 
into his INDS were no longer painful. Additionally, 
the patient noted that 8 mg of morphine in 10 ml of 
preservative-free saline provided 26 hr of pain relief. 

The patient was discharged from the hospital and 
instructed to decfease his dose of epidural morphine 
by 0.5 mg every 24 hr until the duration of pain relief 
decreased bélow 24 hr per injection. Within a week 
the patient was maintained on a daily injection of 6.5 
mg morphine i in 10 ml of preservative-free saline. He 
continued to remain free of the burning on injection. 

In February, 1986, the patient noted a gradual re- 
turn of the burning associated with INDS injection. 
He was injecting 7.5 mg of morphine in 10 ml of 
preservative-free saline with only 18-20 hr of pain 
relief. Physical examination was unchanged and there 
were no signs of infection. His INDS was reinjected 
with 40 mg of methylprednisolone suspended in 6 ml 
of 1% lidocaine. Within 3 days, 6.5 mg of morphine 
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in 10 ml of preservative free saline was providing 26 
hr of pain relief and the burning on injection of the 
INDS was gone. 

In late March, 1986, the patient noted a sudden 
drastic reduction of pain relief with 7.5 mg of mor- 
phine in 10 ml of preservative-free saline, which now 
provided only 10 hr of pain relief. In spite of the 
reduction of pain relief, the patient noted no burning 
on injection of his INDS. Again, physical examination 
showed no significant change in his underlying dis- 
ease or psychological status. We injected his INDS 
with 6 ml of 1% lidocaine in accordance with protocol 
(4) to exclude the possibility of delivery system failure. 
The patient reported prompt relief of his pain with a 
corresponding sensory deficit that was appropriate 
for the dose of local anesthetic given thereby indi- 
cating that the INDS was functioning. Later that day, 
his INDS was injected with methylprednisolone, 40 
mg, suspended in 6 ml of 1% lidocaine. This injection 
was repeated the next day, but we were unable to 
extend the duration of pain relief seen with epidural 
morphine. The patient began injecting his reservoir 
every 12 hr with 6.5 mg of morphine in 10 ml of 
preservative-free saline with excellent pain control. 


Discussion 


Previous reports have documented the development 
of rapid tolerance to chronically administered epi- 
dural and subarachnoid narcotics (1,2,5-10). Table 1 
lists the common causes for inadequate pain control 
with epidural narcotics. The incidence of inappro- 
priate patient selection as a cause of inadequate con- 
trol of pain can be reduced by mandatory preimplan- 
tation screening (3). So, too, progression of disease 
or alteration in the patient’s physiologic or psycho- 
logical status must be ruled out. The INDS should be 
injected with local anesthetic to document that it is 
functioning properly. If the above factors can be ruled 
out, one must consider the possibility of the devel- 
opment of a reflex sympathetic dystrophy or drug 
tolerance. Sympathetically mediated pain may be re- 
lieved by injecting the INDS with local anesthetic so- 
lutions (8-10). Treatment of spinal opiate receptor tol- 
erance requires neurodestructive procedures or 
pharmacologic attempts to “rest” the p-receptors 
(1,2,5,6,10,11). Spinal w-receptors may be “rested” by 
using local anesthetics to provide analgesia until re- 
ceptor sensitivity returns (11). This “rest” may require 
more than 2 weeks and may necessitate hospitaliza- 
tion. Alternatively, analgesia may be obtained via ô- 
receptors by means of intrathecal Da-La2-D-Leu5 en- 
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Table 1. Common Causes for Inadequate Pain Control 
with Chronically Administered Epidural Narcotics 








1) Inappropriate patient selection 
2) Progression of disease 
) Change in physiologic or psychological status of patient 
) Delivery system failure 
) Development of a reflex sympathetic dystrophy 
6) Development of drug tolerance 

a) True spinal opiate receptor tolerance 

b) Pseudotolerance caused by dural thickening restricting trans- 

dural diffusion and lower CSF morphine concentrations 


ey 
Re] 
4 
5 





kephalin or an a-2-adrenoceptor agonist such as clo- 
nidine (1,2,5,6). 

An additional consideration in patients with epi- 
dural catheters is the possibility that dural thickening 
alters diffusion kinetics within the epidural space such 
that systemic absorption is increased and CSF mor- 
phine concentrations are lowered (2). We suspect that 
the initial gradual tolerance that developed in our 
patient may have been based on dural thickening. 
Animal studies have documented an inflammatory 
response to epidural catheters that occurs within 10 
days of implantation and ultimately results in a fi- 
brous cocoon surrounding the catheter (12-15). Our 
patient had a trial of epidural steroids before implan- 
tation of the INDS, which may explain the initial 4- 
month interval before significant tolerance occurred. 
After injecting the INDS with steroid, another 4-month 
period without tolerance was noted. The rapid de- 
crease in pain relief in March, 1986 may have been 
on the basis of true spinal opiate receptor tolerance 
or irreversible inflammatory changes within the epi- 
dural space. The problem of transdural diffusion ki- 
netics may be limited by the subarachnoid placement 
of catheters. Our experience with subarachnoid cath- 
eters has been hampered by the consistent problem 
of CSF tracking back along the catheter ultimately 
surrounding the reservoir dome, thus making injec- 
tion of the reservoir difficult if not impossible. For this 
reason, we have stopped placing catheters in the sub- 
arachnoid space. 

Steroids have been injected epidurally for many 
years with a low incidence of complications (16). When 
tolerance to epidurally administered morphine de- 
velops and there is no change in patient or INDS 
status, it appears reasonable to consider a trial injec- 
tion of methylprednisolone and lidocaine prior to 
neurodestructive procedures or pharmacologic at- 
tempts to “rest” the spinal opiate receptors. It would 
be prudent to test this hypothesis in an animal model 
to ascertain the ideal timing and dosage of steroid 
required to limit inflammatory changes. 
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Caudal Administration of Morphine Sulfate in Anticoagulated and 


Thrombocytopenic Patients 


Steven D. Waldman, MD, Gary S. Feldstein, MD, Howard J. Waldman, DO, 
Katherine A. Waldman, BS, and Mark L. Allen, MD 


Anticoagulation and profound thrombocytopenia are 
among the few absolute contraindications to regional 
anesthesia (1,2). The risk of epidural hematoma is well 
documented as a rare complication in fully antico- 
aguiated patients given spinal or epidural anesthesia 
(1,3-6). The issue of the relative safety of regional 
anesthesia in patients on ‘‘minidose” heparin remains 
unsettled. Should surgery be necessary in an anti- 
coagulated patient, general anesthesia is considered 
a safer option. 

Unfortunately for the patient who is suffering from 
intractable pain of malignant origin and who is also 
receiving anticoagulants, the options of techniques for 
pain relief other than regional anesthesia are more 
limited. 

We report on 37 patients that were fully antico- 
agulated and 19 patients with profound thrombocy- 
topenia suffering from intractable pain of malignant 
origin who underwent 336 caudal blocks with mor- 
phine sulfate and bupivacaine for pain control, and 
we review the safety of this approach. 


Clinical Observations 


All patients were seen at Kansas City Pain Consor- 
tium Pain Centers for the evaluation and treatment 
of intractable lower body pain secondary to malig- 
nancy. Thirty-seven patients were being treated with 
fully effective doses of anticoagulants as defined by 
a prothrombin time or activated partial thromboplas- 
tin time 1.5 or more times above control levels. Twelve 
patients were receiving continuous heparin infusions. 
Nineteen patients had profound thrombocytopenia 
with platelet counts under 50,000/mm- secondary to 
radiation and/or chemotherapy. All patients had re- 
ceived trials of maximal narcotic analgesics and ad- 
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junctive drugs parenterally without adequate control 
of pain. In each case it was felt that discontinuation 
of the anticoagulants would place the patients at sig- 
nificant risk for thrombotic or embolic sequelae. 

Because all conservative options to control pain had 
been exhausted, a trial of caudally administered mor- 
phine sulfate and bupivacaine was felt to represent a 
reasonable alternative. 


Technique of Caudal Block 


The patients were placed in the prone position with 
a pillow placed under the hips. The caudal area was 
aseptically prepared with Providone-iodine and the 
sacral hiatus was palpated. A 25-gauge, 1.5-cm needle 
(or a 25-gauge, 3.8-cm needle in obese patients) was 
advanced through the sacrococcygeal ligament into 
the caudal canal. Seven milligrams of morphine sul- 
fate in solution with 20 ml of 0.25% bupivacaine was 
then injected. After the injection, the needle was 
withdrawn and gauze sponges were placed over the 
injection site. The patient was then turned to the su- 
pine position with the gauze acting as a pressure 
dressing. The patients were observed in the Pain Cen- 
ter recovery room for 1 hr during which time the 
injection site was observed for bleeding and hema- 
toma formation. In no instance did this occur. 

On each subsequent visit to the Pain Center, the 
injection site was observed for evidence of bleeding. 
The patients were then reevaluated 2 weeks after their 
last block for any problems related to abnormal bleed- 
ing. 


Results 


Two patients had ecchymotic areas at the injection 
site. No hematoma formation was noted. In no in- 
stance was any change in neurologic status observed 
that could be attributed to epidural bleeding. Five 
patients had subsequent placement of an intraspinal 
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narcotic delivery system after anticoagulants were 
discontinued perioperatively. One patient sustained 
a left-sided cerebral vascular accident after anticoag- 
ulants were discontinued for an abdominal explora- 
tion. 

After observing the safety of this approach in can- 
cer patients, we have expanded its use to allow 
administration of methylprednisolone and/or bupiv- 
acaine in anticoagulated patients suffering from acute 
and chronic benign pain syndromes of the low back 
and lower extremities. This technique has proved es- 
pecially useful in patients with vasospastic disease or 
in patients after lower extremity vascular surgery when 
sympathetic blockade is desired. 


Discussion 


Anticoagulation and profound thrombocytopenia are 
considered to be absolute contraindications to epi- 
dural anesthesia (1,2). Paralysis and bowel or bladder 
dysfunction may develop rapidly from hematoma for- 
mation in the epidural space (5,6). There are numer- 
ous reports describing spinal and epidural hematoma 
in a variety of clinical situations (1,3-17). Hematomas 
have been reported after spinal and epidural blocks 
in anticoagulated patients (1,3—6), after epidural anes- 
thesia unassociated with anticoagulants (10), and 
spontaneously in both anticoagulated and nonanti- 
coagulated patients (11-14). The incidence of epidural 
bleeding has also been reported to be increased in 
patients with thrombocytopenia, leukemia, aspirin 
therapy, and heparin administration (15-17). 

Over 4000 cases without permanent neurologic se- 
quelae have been reported where spinal or epidural 
anesthesia was administered before intraoperative he- 
parinization (18,19). Odoom and Sih (20) reported 1000 
cases in which continuous epidural anesthesia was 
administered without neurologic sequelae to patients 
receiving preoperative oral anticoagulants. They did 
not comment on the coagulation profiles at the time 
of epidural puncture and specifically excluded pa- 
tients with blood dyscrasias including thrombocyto- 
penia and those receiving heparin or long-term as- 
pirin therapy. 

Our clinical experience in 56 patients suggests that 
caudal epidural blocks administered via a 25-gauge 
needle in fully anticoagulated patients and in patients 
with hemostatically significant thrombocytopenia are 
safe. In no instance were complications secondary to 
excessive bleeding observed in patients undergoing 
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this treatment. This technique appears to represent a 
valuable addition to the pain specialist’s armamen- 
tarium when treating patients with clotting abnor- 
malities. 
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Postpartum Uterine Atony after Intravenous Dantrolene 


Alexander E. Weingarten, MD, Jeffrey I. Korsh, MD, George G. Neuman, MD, and 


Steven B. Stern, MD 


Dantrolene has been used successfully for prophy- 
laxis and treatment of malignant hyperpyrexia (MH). 
The relaxant properties of this drug are most prom- 
inent on skeletal muscle. Cardiac and intestinal smooth 
muscle are affected to a lesser degree (1). The action 
of dantrolene on human uterine muscle has not been 
described. We report a case of postpartum uterine 
atony in a patient who received dantrolene during a 
cesarean section. 


Case Report 


The patient was a 26-yr-old 100 kg (normal weight 70 
kg) nulliparous woman admitted at term because of 
increasing symptoms of preeclampsia. The patient's 
niece had a clinical episode cf MH. The patient had 
a muscle biopsy 3 yr previously that showed she was 
MH susceptible. She had never had any clinical evi- 
dence of MH despite undergoing a tonsillectomy dur- 
ing childhood. Her prenatal course was normal until 
approximately 3 weeks before admission when she 
developed mild hypertension, proteinuria, and mild 
hyperreflexia unresponsive to bedrest. On admission 
she was afebrile, blood pressure was 130/80 mm Hg, 
and she had mild hyperreflexia. Her coagulation pro- 
file and the fetal heart pattern at admission were nor- 
mal. Approximately 5 hr after admission the patient 
spontaneously ruptured her membranes. During the 
next 17 hr, while in prodromal labor, her rectal tem- 
perature increased to 38.6°C and her white blood cell 
count increased to 29,000/ul. Intravenous ampicillin 
was administered for presumptive chorioamnionitis 
and rectal acetaminophen suppositories for the fever. 
She subsequently went into active labor and oral feed- 
ings were stopped. 
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Because her labor failed to progress a cesarean sec- 
tion was decided upon 4 hr later. A hyperbaric 10 mg 
tetracaine spinal anesthetic was administered and a 
T-2 level of anesthesia achieved. Supplemental oxy- 
gen was delivered at a rate of 5 L/min through a face 
mask. A healthy term infant was delivered through 
a low transverse uterine incision. An intravenous in- 
fusion of oxytocin after delivery resulted in satisfac- 
tory uterine tone. Dantrolene, 220 mg, was then pro- 
phylactically administered intravenously; it caused 
burning at the intravenous site. The patient’s tem- 
perature was 37.5°C, the arterial pH 7.34, Pacoz 26 
mm Hg, Pao, 181 mm Hg, HCO,” 14 mEq/L. Sodium 
bicarbonate, 135 mEq was infused intravenously and 
the operation completed. The patient was then taken | 
to the recovery unit with an oxytocin infusion run- 
ning. 

Examination on arrival in the recovery unit re- 
vealed an atonic uterus and vaginal bleeding. The 
total estimated blood loss at this time was 1500 ml. 
Treatment with uterine massage, intravenous oxy- 
tocin, intramuscular methylergonovine, and prosta- 
glandin F,, were unsuccessful. The rectal temperature 
was 38.1°C, arterial pH 7.32, Paco, 23 mm Hg, Pao, 
152 mm Hg and the HCO;” 13 mEq/L with 5 L/min 
of supplemental oxygen being administered through 
a face mask. Arterial blood pressure was 86/40 mm 
Hg, pulse 150, and the central venous pressure was 
10 mm Hg. The hematocrit was 22%. An additional 
100 mg of dantrolene and 180 mEq of sodium bicar- 
bonate was administered. Urine was 3+ positive for 
myoglobin. Over the next 15 min her temperature 
decreased to 37.7°C. Lactated Ringer’s solution, 2000 
ml, 5% albumin, 250 ml, fresh frozen plasma, 500 ml, 
and packed red blood cells, 750 ml were administered.. 
Her coagulation profile at this time was normal. Cur- 
rettage of the uterus failed to stop the bleeding. Tem- 
perature remained below 37.8°C, but arterial blood 
gases demonstrated a persistent metabolic acidosis - 
requiring additional doses of sodium bicarbonate. She 
was transferred to the operating room and a hyster- 
ectomy was performed under general anesthesia uti- 
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lizing a MH designated anesthesia machine and ke- 
tamine, pancuronium, N2O, and fentanyl for the 
anesthetic. The uterus was found to be atonic. She 
tolerated the procedure well and made an uneventful 
recovery. One additional 100 mg dose of dantrolene 
was administered postoperatively. Blood gas tensions 
remained within normal limits after the operation. 


Discussion 


Postpartum hemorrhage, which is defined as blood 
loss in excess of 750-1000 ml after delivery, occurs in 
up to 8% of all patients delivered at term (2). In pa- 
tients who have undergone cesarean section, the most 
common cause is uterine atony. The incidence of 
emergency hysterectomy after cesarean section is ap- 
proximately 0.7%. Emergency hysterectomy for atony 
is significantly associated with amnionitis, oxytocin 
augmentation of labor, cesarean section for arrest of 
labor, preoperative infusion of magnesium sulfate, 
and increased fetal weight (3). 

The action of dantrolene on the human uterus has 
not been described. Its action on skeletal, cardiac, and 
intestinal smooth muscle is well known and has been 
attributed to the prevention of calcium release from 
the sarcoplasmic reticulum (4). The effects of dantro- 
lene on spontaneous and oxytocin-induced contrac- 
tions of isolated preparations of guinea pig uterus 
have been described (5). Dantrolene significantly de- 
creases the frequency and force of oxytocin-induced 
contractions but transiently increases spontaneously 
induced contractions in this preparation. The maximal 
effect develops within 5-10 min after exposure to the 
drug and continues until the drug is withdrawn. Cal- 
cium is ineffective in reversing the effect of dantro- 
lene. 

The prophylactic administration of dantrolene both 
intravenously and orally to MH-susceptible partu- 
rients before delivery has been reported (6). The ratio 
of fetal to maternal venous plasma levels of dantro- 
lene is approximately 0.5 (6). No adverse fetal or ma- 
ternal effects were reported. Our case differs from 
those cited, because our maximal blood level was 
achieved and maintained after delivery of the baby. 
Subsequent doses of dantrolene were administered 
because of the presumptive diagnosis of an early MH 
episode after the cesarean section. At that time she 
developed a metabolic acidosis and an increased tem- 
perature. No respiratory component to the acidosis 
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was present and the acidosis might have been related 
to a long labor, possibly complicated by chorioam- 
nionitis. However, because an MH episode could not 
be ruled out it was elected to administer additional 
dantrolene. Idiopathic uterine atony after cesarean 
section does occur and our patient may have had mild 
amnionitis. Although a cause and effect relationship 
between dantrolene and uterine atony in this case has 
not been demonstrated, the sequence of events sug- 
gests that dantrolene may have contributed to the 
development of the uterine atony. Immediately after 
delivery the uterus contracted in response to an ox- 
ytocin infusion and it was not atonic until shortly after 
the loading dose of dantrolene was administered. Note 
that despite reconstitution of the dantrolene with pre- 
servative-free water the patient still experienced burn- 
ing at the injection site. 

Whether pretreatment with dantrolene decreases 
the incidence of MH episodes under anesthesia when 
compared with administration of a “safe” anesthetic 
alone has not been answered. Before delivery it may 
be prudent to avoid the use of dantrolene because in 
guinea pig preparations it has been shown to increase 
spontaneous uterine tone and may therefore have the 
potential to cause hypertonicity of the uterus. Al- 
though further work is needed in this area and in the 
area of the uterine effects of dantrolene, our case sug- 
gests that dantrolene may be associated with a risk 
of uterine atony. One must weigh this potential com- 
plication against the benefit of prophylactic treatment 
in obstetric patients at the time of labor and delivery. 
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Compressed Spectral Array EEG Monitoring during Coronary 
Bypass Surgery in a Patient with Vertebrobasilar 


Artery Insufficiency 


Eldon R. Steele, MD, Maurice S. Albin, MD, MSc (Anes), Jane L. Monts, MD, and 


P: Kent Harman, MD 


Vertebrobasilar insufficiency (VBI) is a common neu- 
rologic disorder encountered by anesthesiologists in- 
volved in the management of neurovascular and car- 
diovascular surgery. In the past, unless the services 
of an electroencephalographer, technician, and a mul- 
tichanneled EEG unit were available, it was difficult 
to monitor cerebral function adequately in the oper- 
ating room. This process has been simplified, how- 
ever, with the development of the portable processed 
EEG. It is now possible to routinely monitor cerebral 
function and to better assure adequate cerebral per- 
fusion during anesthesia. This capability is especially 
important with VBI because the symptoms appear to 
be related to changes in blood flow in the vertebro- 
basilar system. 

We describe a case of symptomatic VBI in a patient 
with severe coronary artery disease in whom urgent 
coronary artery bypass surgery was necessary. Pro- 
cessed EEG monitoring proved to be important in the 
anesthetic management of this case. 


Case Report 


A 59-yr-old male with three-vessel coronary artery 
disease was scheduled for an urgent coronary artery 
bypass graft procedure. He had a long history of VBI 
with symptoms of vertigo, diplopia, and syncope that 
predictably occurred when he extended his head or 
turned his head to the left. Evaluation of this condi- 
tion 6 yr previously included both an angiogram that 
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showed mild atherosclerotic changes in the cerebral 
vasculature and mild stenosis of the left vertebral ar- 
tery at its origin, as well as cervical spine films that 
showed degenerative changes at C4-7; EEG and CT 
scan were normal. He had previously been treated 
with coumadin but at the time of surgery was on 
aspirin therapy. Preoperative physical and neurologic 
examinations were unremarkable with the exception 
of a relatively cephalad and anteriorly positioned lar- 
ynx and VBI symptoms with moderate head exten- 
sion. Laboratory values were within normal limits and 
his ECG showed sinus bradycardia with nonspecific 
ST and T wave changes. Before induction of anes- 
thesia, arterial and pulmonary artery catheters were 
inserted without difficulty in the left radial artery and 
right internal jugular vein respectively. In addition, 
a commercially available EEG monitor with com- 
pressed spectral array capability (CSA) was employed 
(Nicolet-Neurotrac® EEG Monitor, Nicolet Biomedical. 
Division). This unit presents two channels of EEG- 
CSA data (left and right cerebral hemispheres) re- 
corded from the placement of five electrodes. These 
include a reference electrode that is placed in the mid- 
dle of the forehead close to the hairline; a positive 
(+) electrode of each channel positioned high on each 
side of the forehead against the hairline; and the neg- 
ative (—) electrode of each channel attached imme- 
diately above the ear or behind the ear on the mastoid 
bone. We find that the use of small ECG pad elec- 
trodes allows for rapid application and provides an 
efficient interface between the scalp potentials and 
the EEG amplifiers. Prior to electrode placement the 
electrode sites are first cleaned with alcohol and then 
briskly rubbed with a pumice compound, which re- 
duces the impedance of the stratum carneum of the 
skin. Symmetrical CSA activity was noted in both 
hemispheres and was felt to be a normal awake EEG 
tracing. 
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Figure 1. Postinduction compressed spectral array-EEG demon- 
strating symmetric activity of right and left hemispheres. 


Anesthesia induction was performed with 50 ug/kg 
of fentanyl, followed by 0.1 mg/kg of pancuronium 
bromide, and was associated with a decrease in blood 
pressure from 125/60 to 105/70 mm Hg. The CSA after 
induction showed similar activity in both hemi- 
spheres with spectral edge (the highest frequency 
present in the current EEG spectrum) clustered near 
6 Hz, indicating an anesthetic state (Fig. 1) (1). Tra- 
cheal intubation was attempted with the head in the 
sniffing position (supported by towels under the oc- 
ciput) using a MacIntosh blade. Because of the diffi- 
cult airway anatomy, the initial attempt was unsuc- 
cessful. The patient was then ventilated, the towels 
removed, the head extended slightly, and intubation 
attempted with a straight blade. This effort was rap- 
idly abandoned, however, due to abrupt loss of left 
hemispheric CSA activity (Fig. 2) beginning 10 sec 
after head extension. The head was quickly placed in 
a neutral position and the CSA returned toward nor- 
mal in approximately 70 sec. A successful intubation 
was then performed using the MacIntosh blade with 
the head remaining in neutral position and with no 
changes in the CSA. The CSA pattern remained nor- 
mal until shortly after the onset of cardiopulmonary 
bypass when again there was loss of left-sided activ- 
ity. At that time the mean arterial blood pressure was 
60 mm Hg. The head was turned slightly to the left 
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Figure 2. EEG tracing with the head in extension. There is a loss 
of power and spectral edge in the left hemisphere indicating cere- 
bral ischemia. Normal activity resumes at the end of the tracing. 


resulting in a return to normal CSA activity. The re- 
mainder of the operation was uneventful and the pa- 
tient had no neurologic sequelae in the postoperative 
period. 


Discussion 

Vertebrobasilar insufficiency is a common and debil- 
itating neurologic disorder first described in the 1940s 
(2). One third of all patients with transient ischemic 
attacks have symptoms referable to the posterior cir- 
culation and an incidence of stroke similar to that in 
carotid disease (3). 

Vertebrobasilar insufficiency is a result of occlusive 
and/or hemodynamic disorders (2-7). Frequently, a 
combination of these factors leads to an inadequate 
perfusion pressure in the vertebrobasilar system caus- 
ing symptoms. The most common single factor js ath- 
erosclerotic disease that may occlude the vertebral, 
basilar, or subclavian arteries at any level. Blood flow 
may also be affected by anatomic variants such as 
congenital hypoplasia of a vertebral ar posterior com- 
municating artery. Hemodynamic disorders that di- 
minish flow include the reverse. flow phenomenon of 
the subclavian steal syndrome and systemic hypoten- 
sion. Also, emboli originating from the heart or from 
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atherosclerotic disease may lodge in the more proxi- 
mal vertebrobasilar system. 

Numerous studies document a decrease in verte- 
bral artery blood flow in patients with VBI with move- 
ments of the head (8-10). Flexion, extension, and ro- 
tation of the head may cause vertebral artery 
compression secondary to impingement by the bony 
canal and osteophytes, by atlantoaxial subluxation, or 
by constriction by the longus colli and scalenus mus- 
cles (9). Compression of the vertebral artery can, 
therefore, occur at any level of the cervical spine. Faris 
et al. described unilateral vertebral artery occlusion 
during head turning in 11 of 43 asymptomatic patients 
(10). Cadaver studies by Toole show that when the 
head is turned to the side 60°, flow diminishes in the 
contralateral vertebral artery and ceases altogether at 
about 80° (8). VBI results in these cases when there 
is inadequate collateral flow. 

Our patient’s symptoms of VBI were probably due 
to vertebral artery occlusion secondary to head rota- 
tion and extension. Figure 1 is the postinduction EEG 
of our patient in the form of a compressed spectral 
array with symmetric activity (11-13). Figure 2 shows 
changes indicating ischemia in the left hemisphere 
with loss of power in all frequencies and loss of spec- 
tral edge (13). These changes began 10 sec after ex- 
tension of the head for intubation. Unfortunately, due 
to technical problems, the CSA recording in Figure 2 
begins approximately 20 sec after the onset of the 
changes. Intraoperatively, however, the ischemic 
changes were noted immediately on the visual dis- 
play, thereby allowing rapid initiation of treatment— 
in this instance, aborting the intubation and placing 
the head in neutral position. A normal CSA pattern 
resulted within 70 sec after onset of ischemic changes. 
A similar left-sided ischemic CSA pattern developed 
during cardiopulmonary bypass and normalized after 
slight turning of the head. 

The combination of VBI, coronary artery disease, 
and difficult airway pose numerous anesthetic prob- 
lems. This patient demonstrated graphic CSA-EEG 
changes with head extension indicating a compro- 
mised cerebral circulation. Had he been awake, such 
extension would probably have resulted in VBI symp- 
toms. During anesthesia, the cerebral circulation is 
vulnerable to head manipulation from the time of in- 
duction until full consciousness and motor function 
are regained by the patient. We believe that CSA-EEG 
monitoring may well have prevented the develop- 
ment of potentially serious neurologic sequelae in our 
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patient, since it not only allowed for rapid diagnosis 
of cerebral ischemia, but also enabled us to manip- 
ulate the head into a position where the CSA-EEG 
returned to the normal preinduction baseline. The 
CSA-EEG is a relatively easy and practical means of 
routinely monitoring cerebral function intraopera- 
tively, which enables the anesthesiologist to evaluate 
moment to moment electrophysiologic responses that 
may indicate early changes in cerebrovascular per- 
fusion. A recent technical review (14) thoroughly eval- 
uates the characteristics and performance of the pro- 
cessed EEG monitors presently available in the USA. 


Ramona Hall and Maria Luisa Garza are gratefully appreciated for 
their help in the preparation of this manuscript. 
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Postoperative Neurologic Dysfunction Associated with Preoperative 


Administration of Metoclopramide 


Mark S. Scheller, MD, and Kenneth L. Sears, MD 


Metoclopramide is a dopamine antagonist that has 
proven to be useful in the anesthetic management of 
patients with full stomachs as it is an antiemetic, in- 
creases lower esophageal sphincter tone and pro- 
motes gastric emptying (1,2). Metoclopramide has also 
been used to treat nausea associated with chemo- 
therapy as well as chronic regurgitation syndromes 
(3,4). Toxic reactions to metoclopramide are rare, typ- 
ically involving the nervous system in what appears 
to be an extrapyramidal Parkinsonlike disorder (5,6). 
Administration of even small doses of metoclopra- 
mide as a premedicant has been associated with char- 
acteristic neurologic abnormalities before the induc- 
tion of anesthesia (7,8). However, there have been no 
reports of preoperative administration of metoclopra- 
mide being associated with toxicity apparent only 
postoperatively. This report details such an occur- 
rence. 


Case Report 


The patient was a 72-yr-old, 75-kg white man who 
was admitted for coronary artery bypass grafting and 
replacement of his aortic valve. The patient had been 
well until 5 yr earlier when he developed stable an- 
gina, which had been progressing in severity and fre- 
quency. He was otherwise well except for a history 
of hypertension. He had no history of transient isch- 
emic attacks, stroke, or other neurologic abnormality. 
The patient did suffer from a documented hiatal her- 
nia and had symptoms of chronic severe gastric re- 
gurgitation. Cardiac catheterization demonstrated an 
aortic valve area of 0.94 cm? and a left ventricle to 
aorta pressure gradient of 36 mm Hg. The coronary 
arteries had advanced three vessel obstructive dis- 
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ease. The preoperative medications were nifedipine, 
10 mg three times a day, isosorbide dinitrate, 40 mg 
per day, propranolol, 80 mg four times a day, hy- 
drochlorothiazide, 50 mg per day, and oral potassium 
supplementation. The nifedipine was discontinued 2 
days before surgery, but all other medications were 
continued up until the time of surgery. 

The patient was premedicated with metoclopra- 
mide, 10 mg orally every 8 hr, beginning in the after- 
noon the day before surgery for a total of 30 mg. On 
the morning of surgery the patient was given mor- 
phine sulfate, 10 mg, and scopolamine, 0.4 mg intra- 
muscularly, 90 min before induction of anesthesia. 
After placement of a left radial arterial cannula, pul- 
monary arterial catheter via the right internal jugular 
vein, and a large bore intravenous line, anesthesia 
was induced with fentanyl, and after muscle relax- 
ants, the trachea was intubated and the surgical pro- 
cedure carried out. Anesthesia was maintained with 
a fentanyl infusion and paralysis maintained with in- 
termittent boluses of muscle relaxants. The total fen- 
tanyl dose was 100 ug/kg. The operation was un- 
eventful with no periods of hypotension. Arterial cross 
clamp time was 97 min and total cardiopulmonary 
bypass time was 135 min. Appropriate maneuvers for 
the removal of air were performed before removal of 
the cross clamp. 

After surgery, the patient was transferred to the 
intensive care unit. The patient remained cardiovas- 
cularly stable throughout the night and was extubated 
early on the first postoperative day. Upon extubation, 
the patient was noted to have marked slurring of his 
speech and unusual upward posturing of his tongue. 
The consulting neurologist found the patient to be 
alert and oriented. He followed commands but an- 
swered questions only with terse words or phrases 
and occasionally inappropriately (e.g. hot potatoes 
instead of hospital). The patient had marked gener- 
alized bradykinesis, occasional resting tremor of the 
right arm, and severe rigidity of all extremities. 
Strength was normal in the extremities to the extent 
that they could be evaluated. Deep tendon reflexes 
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were increased but symmetrical. Because of the lack 
of focal findings and the characteristic clinical pre- 
sentation, an extrapyramidal neurologic disorder was 
suspected. On reviewing the perioperative medica- 
tions it was felt that metoclopramide may have been 
contributing to the clinical picture and diphenhydra- 
mine, 50 mg, was administered intramuscularly. Sub- 
sequently, the tongue posturing disappeared, al- 
though the other abnormalities persisted. A 16-lead 
EEG was normal and a CT scan of the head done 48 
hr postoperatively was unremarkable. The patient was 
given benztropine mesylate, 2 mg intramuscularly ini- 
tially, followed by 1 mg per day. 

The patient improved gradually over the next few 
days. He remained oriented and cooperative, but was 
restless from time to time and required reassurance 
and physical restraints. By the fifth postoperative day, 
neurologic examination was normal and the patient 
felt well. His recall of the previous few days was poor, 
but he reported feeling “all alone.” The remainder of 
the postoperative course was uneventful and he was 
discharged on the tenth postoperative day. 


Discussion 


Neurologic dysfunction after cardiac surgery in adults 
may occur in up to 20% of patients, depending on 
clinical and pathological criteria (9,10). It can be di- 
vided into two distinct types of abnormalities. The 
more serious type is CNS infarction, which is typically 
focal in nature, probably resulting from emboli or other 
processes causing localized ischemia. Our patient ex- 
hibited no true focal abnormality, but rather had ri- 
gidity, bradykinesis, and tremor, all signs of an ex- 
trapyramidal disorder. Furthermore, the normal CT 
scan of the head and normal 16-lead EEG argue against 
an embolic or ischemic basis for the observed neu- 
rologic changes in a patient who made a complete 
clinical recovery. The other type of CNS morbidity 
seen after cardiac surgery has been termed simply 
encephalopathy. Breuer et al. reported an incidence 
of 11.6% in a large series (10). None of their patients 
had any focal findings, but all were confused and 
disoriented to some degree. Our patient never ap- 
peared confused or disoriented despite his occasional 
inability to use words correctly. Furthermore, the 
tongue posturing abated promply with the introduc- 
tion of diphenhydramine, which is characteristic of 
drug-induced extrapyramidal disorders. 
Extrapyramidal signs and symptoms after admin- 
istration of metoclopramide are rare, occurring in ap- 
proximately 1 in 500 patients. They may be manifested 
by feelings of restlessness (akathisia), facial grimac- 
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ing, rhythmic protrusion of the tongue, or symmet- 
rical muscular rigidity. The incidence and severity of 
these side effects increase with the dose and the time 
course over which the patient is treated (11). Our 
patient exhibited nearly all of these signs and symp- 
toms. However, even small doses of metoclopramide 
given preoperatively have been associated with acute 
neurologic signs and symptoms (7,8). 

Our patient was unusual in that the toxic reaction 
to metoclopramide was not evident until the first post- 
operative day despite administration of a relatively 
large cumulative dose (30 mg) beginning 16 hr pre- 
operatively. Because metoclopramide-induced CNS 
side effects can occur even with small doses, it is 
unlikely that side effects are associated with specific 
blood levels. However, it has been shown that hepatic 
or renal impairment will retard elimination of meto- 
clopramide (12,13). It is possible that hypothermic 
cardiopulmonary bypass may have influenced the ki- 
netics of the drug, its access to the CNS, or some 
other aspect of its pharmacology in such a way as to 
contribute to the manifestation of its toxicity post- 
operatively. 

In summary, preoperative administration of met- 
oclopramide may produce neurologic signs and 
symptoms in the postoperative period. Anesthetists 
prescribing metoclopramide should be alert to the 
possibility of toxicity in the differential diagnosis of 
neurologic abnormality in the postoperative period. 


References 


1. Klein RL, Militello TE, Ballinger CM. Antiemetic effect of met- 
oclopramide evaluation in humans. Anesth Analg 1968;57: 
259-64. 


. Tornetta FJ: Clinical studies with new antiemetic metoclopra- 
mide. Anesth Analg 1969;48:198-204. 


3. Gralla RJ, Itri LM, Pisko SE, et al. Antiemetic efficacy of high- 
dose metoclopramide. Randomized trials with placebo and pro- 
chlorperazine in patients with chemotherapy induced nausea 
and vomiting. N Engl J Med 1981;305:905-9. 

4. Misiewicz JJ. Symposium on gastroesophageal reflux and its 
complications. Pharmacology and Therapeutics. Gut 1973;14: 
243-6. 

5. Grimes JD, Hassan MN, Preston DN. Adverse neurologic ef- 
fects of metoclopramide. Can Med Assoc J 1982;126:23—5. 

6. Casey DE. Metoclopramide side effects. Ann Int Med 1983;98: 
673-4. 

7. Barnes TRE, Braude WM. Acute akathisia after oral droperidol 
and metoclopramide preoperative medication. Lancet 1982. 

8. Fouilladieu JL, Hosanski M, McGee K, Korvin M, Bonette P, 
Joulin Y. Possible potentiation by hydroxyzine of metoclopra- 
mide’s undesirable side effects. Anesth Analg 1985;64:1227. 

9. Sotaniemi KA, Juolasma A, Hokkanen ET. Neuro-psycholog- 
ical outcome after open heart surgery. Arch Neurol 1981;38: 
2-8. 


10. Breuer AC, Furlan AJ, Hanson MR, Lederman RJ, Loop FD, 


N 


ANESTH ANALG 977" 
1987:66:277-9 


Pericardial and Subcutaneous Air after Maxillary Surgery 


Ted J. Sanford Jr, MD, Harvey M. Shapiro, MD, and M. Nancy Gallick, CRNA 


Facial, cervical, and thoracic subcutaneous emphy- 
sema has been reported after both surgical and dental 
procedures, or trauma to the upper airway and facial 
bones, as well as equipment failure (1-3). We report 
a case in which pericardial air and head and neck 
subcutaneous emphysema developed after transan- 
tral ligation of an internal maxillary artery. 


Case Report 


A 66-yr-old male with a history of heavy alcohol inges- 
tion and hypertension was admitted because of pos- 
terior epistaxis. Therapy included treatment of his 
arterial hypertension with oral clonidine and hy- 
drochlorthiazide and anterior-posterior nasal pack- 
ing. After 5 days, the epistaxis persisted, and the 
patient was brought to the operating room for trans- 
antral ligation of the right internal maxillary artery. 
On arrival in the operating room, the patient was 
coughing secondary to the presence of blood dripping 
down into the posterior oropharynx. He was given 
2.5 ml (125 ug) of fentanyl and 1.5 mg of droperidol 
IV. This premedication made the patient more com- 
fortable and, after preoxygenation, anesthesia was in- 
duced intravenously with thiopental, 400 mg, fol- 
lowed by succinylcholine, 120 mg, and cricoid pressure. 
After an uneventful tracheal intubation, anesthesia 
was maintained with nitrous oxide, oxygen, and iso- 
flurane. The surgical procedure, transantral ligation 
of the right internal maxillary artery, was accom- 
plished via a Caldwell—Luc maxillary incision and cre- 
ation of a nasal antral window for drainage. The sur- 
gical procedure was complicated because of difficulty 
in exposing and visualizing the vessels, which re- 
quired the creation of an antral window approxi- 
mately twice the usual size. The procedure was other- 
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wise uneventful, and, at the end of the operation, the 
patient was breathing spontaneously and was extu- 
bated in the operating room. After extubation, the 
patient’s airway became obstructed, presumably be- 
cause of soft tissue obstruction. An oral airway was 
inserted and he was given positive pressure bag and 
mask ventilation. The obstruction cleared easily and 
the patient was transferred to the recovery room. 

On arrival in the recovery room, his airway again 
became obstructed and positive pressure by mask 
ventilation was administered by the anesthetist. The 
obstruction was again felt to be caused by soft tissue 
in origin. After several minutes of assisted ventilation 
the airway was deemed to be clear and the patient 
was awake and able to maintain a clear airway. No 
note was made of the inspiratory pressures. Subse- 
quently, he was maintained on supplemental 40% 
oxygen administered via a plastic face mask and his 
recovery progressed. Thirty minutes after admission 
to the recovery room, the patient complained that the 
nasal packing was bothering him and that he had 
difficulty in breathing. He was again given assistance 
by the anesthetist with positive pressure ventilation 
applied via an anesthesia bag and mask. The anes- 
thesiologist was called and upon arrival in the recov- 
ery room noted marked swelling of the patient’s neck, 
lower face, and upper chest. The patient became anx- 
ious, apprehensive, and combative. 

Fearing that the airway might become compro- 
mised, the patient was reintubated orally under direct 
vision using a 7-mm endotracheal tube. At the time, 
the vocal cords and epiglottis appeared to be pearly 
white and enlarged. A chest x-ray film showed no 
pneumothorax but did show massive subcutaneous, 
mediastinal, and pericardial air (Fig. 1). The patient 
was transferred to the intensive care unit for further 
observation. The patient extubated himself 12 hr after 
admission to the intensive care unit. At that time the 
airway was Clear and reintubation was not necessary. 
The subcutaneous emphysema resolved without fur- 
ther complication, and the patient made a relatively 
uneventful recovery. Pericardial air was absent on a 
chest x-ray film taken 2 days after surgery. 
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Discussion 


Subcutaneous emphysema of the face, neck, or me- 
diastinum areas often occurs unexpectedly and with- 
out a readily apparent cause. Often it does not have 
important pathophysiological consequences (4). 
However, subcutaneous emphysema may be pro- 
gressive and can lead to both respiratory and circu- 
latory embarrassment. Respiratory compromise may 
be due to airway obstruction from massive subcuta- 
neous emphysema of the head and neck or decreased 
pulmonary compliance as a result of a tension pneu- 
mothorax. Severe respiratory embarrassment may also 
occur when air becomes trapped in the pulmonary 
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Figure 1. Portable A-P chest x-ray film 
taken in the recovery room. 





interstitium, splinting the lungs in an inspiratory po- 
sition (1). Serious circulatory consequences can de- 
velop as a result of increasing tension within the me- 
diastinum, which may reduce cardiac output by a 
tamponade effect. The occurrence of both circulatory 
and respiratory compromise has been termed “ma- 
lignant pneumomediastinum” (5,6). 

The presumed route for development of subcuta- 
neous emphysema in the present case is through the 
disruption of the buccal mucosa and dissection of air 
along the superficial fascial planes of the face and 
neck. Air could have easily been forced along this 
pathway during positive pressure ventilation by bag 
and mask (7,8). There were probably two distinct causes 
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of airway obstruction in this case. The first obstruction 
was probably due to soft tissue obstruction secondary 
to laxity of facial and laryngeal muscles from residual 
anesthesia. Subcutaneous air was probably intro- 
duced at this time and during the subsequent epi- 
sodes of positive pressure ventilation necessary to 
clear the airway. The second and third episodes of 
obstruction were probably due to increasing subcu- 
taneous air and mechanical obstruction of the airway. 
This etiology was not suspected by the anesthesia 
team and was not clinically evident until the subcu- 
taneous emphysema became apparent in the recovery 
room. 

Extraalveolar pulmonary air and the planes by which 
it dissects from one anatomic location to another have 
been reviewed in several articles; however, none of 
these articles have described the occurrence of peri- 
cardial air after paranasal sinus surgery or after trans- 
antral pterygomaxillary fossa surgery (2,4). Because 
part of this surgical procedure involves the creation 
of a nasal-antral window for drainage, we postulate 
that the air was forced back through the nasal antral 
window through the maxillary sinus and into the pter- 
ygomaxillary space. It then dissected retrogradely along 
the perivascular space following the internal maxillary 
artery back to the external carotid, to the common 
carotid, ultimately to the aortic root and to the peri- 
cardium. Dissection of air along these perivascular 
spaces is uncommon after this type of head and neck 
procedure. 

The diagnosis and subsequent treatment of sub- 
cutaneous emphysema and mediastinal and pericar- 
dial air point out several precautions that should be 
noted by anesthetists. This case illustrates the danger 
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of using positive pressure mask ventilation after a 
head and neck procedure in which the perivascular 
spaces within the airway have been exteriorized, e.g, 
the pterygomaxillary space via the maxillary sinus. 
During the perioperative period of head and neck sur- 
gery, anesthesia personnel should be alert for changes 
in pulmonary compliance, circulatory embarrass- 
ment, or sudden swelling of the tissues of the head, 
neck or thoracic regions that may indicate abnormal 
air entry into the subcutaneous spaces. 
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Postoperative Pain Control by Means of Epidural Narcotics in a 
Patient with Obstructive Sleep Apnea 


Dennis J. Pellecchia, MD, Karen A. Bretz, MD, and Rodger E. Barnette, MD 


Airway obstruction has been reported in patients with 
sleep apnea after preoperative medication with par- 


enteral diazepam or morphine (1). Presumably, the — 


use of parenteral narcotics for pain control in the post- 
operative period would also increase the risk of air- 
way obstruction in these patients. We describe the 
use of epidural narcotics for postoperative pain con- 
trol in a patient with obstructive sleep apnea. 


Case Report 


A 68-yr-old 100 kg male was admitted for elective 
cystoprostatectomy and formation of an ileal conduit 
for transitional cell carcinoma of the bladder. His his- 
tory showed chronic obstructive pulmonary disease, 
obesity, and a diagnosis of obstructive sleep apnea 
made in 1982. The diagnosis of sleep apnea had been 
established at another hospital where the patient had 
presented with incapacitating daytime somnolence. 
Weight reduction had lessened the complaints, but 
the patient was still symptomatic. Physical exami- 
nation revealed no evidence of overt cardiac dys- 
function or pulmonary hypertension. Electrocardio- 
gram and other laboratory studies revealed no 
abnormalities with the exception of mild cardiomeg- 
aly noted on the chest roentgenogram. Arterial blood 
gases (ABG) while breathing room air were PaO, 67 
mm Hg, Paco, 45 mm Hg, HCO; 29 mEq/L, and pHa 
7.42. His medications included albuterol, 4 mg orally 
three times a day, furosemide, 40 mg daily, and dig- 
oxin, 0.25 mg daily. 

The patient was given no preoperative sedation. 
On arrival in the operating room an epidural catheter 
was placed at the level of L4-5. While the patient was 
lying supine on the operating room table, before any 


Received from the Departments of Anesthesiology and Internal 
Medicine, Attending Surgical Intensive Care Unit, Temple Uni- 
versity Health Sciences Center, Philadelphia, Pennsylvania. Ac- 
cepted for publication September 22, 1986. 

Address correspondence to Dr. Barnette, Department of Anes- 
thesia, Temple University Health Sciences Center, Broad and Tioga 
Streets, Philadelphia, PA 19140. 

F 


© 1987 by the International Anesthesia Research Society 


drugs or oxygen were given, he fell asleep and his 
airway became obstructed. After several unsuccessful 
attempts to inhale, the patient awakened, reestab- 
lished an adequate airway and appeared to be una- 
ware of what had transpired. This episode was con- 
sistent with the history obtained from family members. 
The patient was then preoxygenated and anesthesia 
induced with thiamylal, 400 mg IV. Tracheal intu- 
bation was facilitated with succinylcholine; an 8.0-mm 
endotracheal tube was placed with some difficulty 
secondary to a large amount of redundant pharyngeal 
tissue. Neuromuscular blockade was initiated with 
pancuronium, 4 mg IV, and mechanical ventilation 
begun. 

Anesthetic maintenance for the 8.5 hr operation 
included N20, O; (60%), and 0.6-2.0% enflurane. Re- 
peated intraoperative analysis of arterial blood sam- 
ples revealed adequate oxygenation and normocarbia. 
The intraoperative course was uneventful. At the con- 
clusion of surgery, adequate neuromuscular reversal 
was achieved with neostigmine, 3.0 mg, and atropine, 
1.2 mg intravenously. 

The patient was transported to the surgical inten- 
sive care unit (SICU) intubated and breathing spon- 
taneously. On arrival in the SICU arterial blood gases 
with an Fio, of 0.35 included a Pao, of 76 mm Hg, a 
Paco, of 41 mm Hg, anda pHa of 7.33. Four milligrams 
of preservative-free morphine were injected through 
the epidural catheter with minimal change in blood 
gas tensions: PaO, 80 mm Hg, Paco: 43 mm Hg, and 
pHa 7.34. The morning after surgery the patient’s 
trachea was successfully extubated without problem. 
The patient received three subsequent 4 mg doses of 
epidural morphine via the epidural catheter at ap- 
proximately 18-hr intervals with no significant change 
in his blood gas tensions or level of conciousness. The 
epidural morphine afforded excellent pain relief. The 
patient continued to have his usual symptoms of hy- ` 
persomnolence with occasional episodes of obstruc- 
tive apnea. At no time was it necessary to administer 
a narcotic antagonist or to assist the patient in main- 
tenance of the patency of his airway. The epidural 
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catheter was removed on the fourth postoperative day 
and the patient was transferred to floor care. No fur- 
ther parenteral narcotic analgesics were administered 
to the patient during his hospital stay and he was 
discharged 15 days following surgery. 


Discussion 


The underlying cause of obstructive sleep apnea is 
felt to be related to a general hypotonia of the dilating 
muscles of the upper airway, and collapse or invag- 
ination of the pharyngeal walls (2). With inspiration 
and contraction of the diaphragm, a subatmospheric 
pressure is generated in the airway. This negative 
pressure is normally opposed by the contraction of 
pharyngeal muscles, including the genioglossus, ten- 
sor palatini, and geniohyoid. Airway obstruction re- 
sults when the normal balance between these two 
forces is disturbed (3). The period of apnea is termi- 
nated as the stage of sleep becomes light enough to 
permit reflex opening of the obstructed upper airway. 
Sedative drugs enhance the reduction in tone of the 
upper airway musculature during sleep and worsen 
the severity of the episodes of apnea. Narcotics de- 
crease sensitivity to hypoxia and by this mechanism 
may decrease the likelihood of arousal. 

In patients with mild obstructive sleep apnea re- 
duction of body weight, administration of medroxy- 
progesterone, supplemental oxygen, or continuous 
positive airway pressure applied through the nares 
may be helpful (4). In severe obstructive sleep apnea 
patency of the upper airway may necessitate surgical 
intervention. This intervention may consist of re- 
moval of tonsillar and adenoid tissue, enlargement of 
the upper airway aperture by removal of excessive 
and redundant tissue in the oropharynx (uvulopala- 
topharyngoplasty), or, if necessary, tracheostomy (5). 

The sensitivity of patients with obstructive sleep 
apnea to sedative drugs and the potential for difficulty 
in control of the airway is well known (6). Develop- 
ment of respiratory obstruction during induction of 
anesthesia is usually relieved by elevation of the jaw 
or insertion of a nasopharyngeal or oral airway. If 
there is suspicion that tracheal intubation may be dif- 
ficult, awake intubation under fiberoptic direction is 
indicated. 

Control of postoperative pain with IV morphine 
can result in obstructive apnea in healthy ASA I or II 
patients (7). Certainly the risk of such airway prob- 
lems is not less in patients with obstructive sleep ap- 
nea recovering from the effects of general anesthesia. 
Our patient did not respond well to weight loss and 
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did not have a tracheostomy or other surgical pro- 
cedure to correct his recurrent obstructive symptoms. 
For these reasons we elected to use epidural morphine 
for control of pain and not to subject him to the higher 
blood levels of morphine that parenteral administra- 
tion of the same amount of narcotic would almost 
certainly have produced. 

Epidural narcotics have been used with excellent 
results in control of postoperative pain. However, side 
effects have been reported, the most serious being the 
severe depression of ventilatory drive that may occur 
several hours after injection, although this is an in- 
frequent complication. A recent case report described 
a patient with central sleep apnea who suffered a 
respiratory arrest after administration of epidural 
morphine (8). The etiology of central sleep apnea dif- 
fers from that of obstructive sleep apnea and is related 
to a rhythmogenic abnormality in the respiratory cen- 
ter of the brain. In a patient with central sleep apnea 
the rostral spread of any amount of narcotic in the 
cerebrospinal fluid could conceivably result in severe 
respiratory depression. 

Ventilatory response to carbon dioxide is decreased 
after epidural morphine, but the depression is less 
than that seen with parenteral narcotics (9). In ad- 
dition, patients may benefit by the more effective res- 
toration of pulmonary function that epidural narcotics 
allow (10). We felt that epidural narcotics in our pa- 
tient would provide improved analgesia, less depres- 
sion of ventilatory drive, and less risk of airway ob- 
struction than parenteral administration of narcotics. 

In summary, we have reported the use of epidural 
narcotics in a patient with known obstructive sleep 
apnea who underwent intraabdominal surgery. In pa- 
tients with this disorder who have not yet undergone 
definitive medical or surgical treatment consideration 
should be given to the use of epidural narcotics for 
postoperative pain control. However, if epidural nar- 
cotics are used, extended postoperative monitoring 
of the respiratory system is mandatory in these high 
risk patients. 
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Letters to the Editor 


Atrial Fibrillation Associated with 
Intravenous Fluorescein 


To the Editor: 


We wish to remind readers of the risk for significant car- 
diovascular responses associated with the intravenous 
administration of fluorescein dye. A 56-yr-old man with 
negative cardiac history and physical examination was taken 
to the operating room for a fasciocutaneous flap to a wound 
of the left ankle. Ninety minutes into the procedure, 10 ml 
fluorescein sodium (100 mg/ml} was administered, at the 
surgeon’s request, over 10 min, and approximately 1 min 
after the last of the dye was administered, the patient’s heart 
rhythm converted to atrial fibrillation. Cardioversion was 
eventually required to restore normal sinus rhythm and 
stabilize vital signs. 

Adverse reactions to fluorescein are not rare, usually 
non-life-threatening, and most frequently take the form of 
nausea, vomiting, pruritis and urticaria (1-3). There are 
only a few serious reactions reported; these include myo- 
cardial infarction and cardiac arrests, pulmonary edema, 
and chest pain. This case is the first in which atrial fibril- 
lation has been described. An international survey esti- 
mated fatal reactions to fluorescein to be one per 49,557 
administrations, and serious reactions, one per 18,020 
administrations (4). 

The mechanism by which these reactions occur is yet to 
be elucidated, but allergic reactions or nonspecific histamine 
releasing mechanisms initiated by the drug or its metabo- 
lites must be highly suspect. Histamine has long been known 
to have effects on cardiac rhythm through several different 
mechanisms (5) and can easily explain the arrhythmia that 
developed in our patient. 

Mild to moderate adverse reactions to the IV injection 
of fluorescein is not an uncommon occurrence, but the po- 
tential for serious and catastrophic reactions, while less 
common, certainly exists. 


Lyle E. Kirson, DDS 


Department of Anesthesiology 
Veterans Administration Medical Center 


Mark E. Wilson, MD 

Department of Anesthesiology 

University of Colorado Health Sciences Center 
Denver, Colorado 
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A Technique to Aid Blind 
Nasotracheal Intubation 


To the Editor: 


“Blind” nasotracheal intubation commonly calls for the 
anesthesiologist to listen for breath sounds at the endotra- 
cheal tube end. In this manner, proximity of the tube to the 
larynx and the phases of respiration can be determined to 
facilitate the blind intubation. 

Often, however, it may be difficult to clearly hear breath 
sounds coming from the tube. This difficulty occurs when 
intubation is undertaken in a noisy environment, and when 
the tidal volume is small, as in children and well-sedated 
adults. Bending to place one’s ear closer to the tube may 
jeopardize one’s ability to simultaneously visualize the pa- 
tient’s head and neck for anatomy and tube location. Fur- 
thermore, successful intubation may be heralded not only 
by a cough, but also by the physician receiving an earful of 
secretions. 

Various devices and techniques have been proposed to 
aid nasotracheal intubation. These include fiberoptic bron- 
chosopy (1,2), miniature breath sound amplifiers (3), light- 
wands (4), special endotracheal tubes, stylets (5), humidity 
in tube and other appliances (6). All these require prior 
acquisition of equipment and/or skill for their implemen- 
tations. 

The technique of placing the patient end of the anes- 
thesiologist’s earmold tubing loosely inside the nasotracheal 
tube will allow audition of even the shallowest breath sounds. 
This will spare any necessity of bending over and allow 
virtually unrestricted positioning for the patient and phy- 


sician. It requires no special equipment or skill to use. 
Further, it may limit physician exposure to possible con- 
tagion. As the nasotracheal tube approaches and enters the 
trachea, the breath sounds will increase. If the tube enters 
the esophagus, breath sounds will markedly diminish if not 
disappear. In a literal sense, the technique is just like reach- 
ing out with the stethoscope to the endotracheal tube. 


Roger F. Donenfeld, MD 
Department of Anesthesia 

New York Untversity Medical Center 
New York, NY 10016 
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Early Blood Patch Recommended 


To the Editor: 


We read with interest the letter to the editor from Schou 
and Scherb (1) describing the onset of sagittal sinus throm- 
bosis 4 days after spinal anesthesia complicated by severe 
postural headache. The close temporal relationship between 
the dural puncture and the headache and sagittal sinus 
thrombosis suggests prior low cerebrospinal fluid pressure 
may represent a common etiology. Low cerebrospinal fluid 
pressure from leakage of CSF through a dural hole causes 
descent of the medulla and pons in the cranial cavity in the 
upright position. This stretches the intracranial dura, re- 
sulting in postural headache. Low cerebrospinal fluid pres- 
sure has been implicated in more serious complications when 
other intracranial structures have developed stretch injury. 
Subdural hematoma (2) and abducens nerve paresis (3) have 
followed dural puncture and postdural puncture headache. 
We therefore strongly recommend the use of lumbar epi- 
dural blood patch early in the course of the development 
of postdural puncture headache, in order to try to restore 
intracranial pressure to normal levels and prevent the onset 
of more serious sequelae. 


Harold J. Heyman, MD 
M. Ramez Salem, MD 
Department of Anesthesia 
Illinois Masonic Medical Center 
Chicago, IL 60657 
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Generalized Grand Mal Seizure after 
Recovery from Uncomplicated 
Fentanyl—Etomidate Anesthesia 


To the Editor: 


We read with interest the report by Goroszeniuk et al. (Anesth 
Analg 1986;65:979-81) concerning a major motor seizure 
during the recovery from an uncomplicated fentanyl-etom- 
idate anesthetic. The patient received fentanyl, 150 ug, and 
etomidate, 20 mg, for the induction of anesthesia prior to 
cystoscopy and dilation and curettage. She also received 
additional etomidate to a total dose of 35 mg by the end of 
the procedure. Three minutes after the surgery she devel- 
oped a generalized tonic-clonic seizure, which resolved after 
diazepam, 10 mg, was given. In their discussion, sources 
(1,2) were cited that describe prolonged myoclonic activity 
after the administration of etomidate and conclude there 
was no evidence that these movements were convulsive. 
In one of these reports (1) no EEG was recorded, and in 
the other the EEG was uninterpretable because of move- 
ment artifact. Grant and Hutchinson (3) reported several 
cases of seizure activity during prolonged etomidate se- 
dation, but again unfortunately no EEG was recorded. 
One of us observed a clinical seizure upon induction of 
anesthesia with etomidate in a patient with epilepsy. Sub- 
sequently our institution reported two patients who, as doc- 
umented by electrocorticography during the resection of 
epileptic foci, showed clear activation of epileptiform activ- 
ity, including one electrographic seizure with the admin- 
istration of etomidate (4). In another study at our institution, 
which has been submitted for publication, we have shown 
that in patients with epilepsy, even small doses of etomidate 
(6 mg) activate epileptiform activity including spikes, sharp 
waves, and one electrographic seizure. This effect was seen 
in 17 of 20 patients (85%) and after 26 of 36 boluses (67%). 
Since this study was submitted, we have seen one addi- 
tional generalized tonic-clonic seizure with EEG documen- 
tation in response to etomidate. Similarly, Ebrahim et al. 
(5) have recently published a report showing increased epi- 
leptiform activity in 9 of 12 patients (75%) given etomidate 
during the cortical resection of epileptogenic tissue. 
During a study of regional brain glucose utilization in 
rats, Davis et al. (6) described one rat that showed my- 
oclonic movements after the administration of etomidate. 
This rat had statistically higher brain glucose metabolism, 
when compared with other rats that had no seizures, and 
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it can be speculated that the myoclonic movements were in 
fact a seizure. 

We believe that in some patients etomidate may be a 
convulsant and that Goroszeniuk’s patient’s seizure most 
likely was secondary to etomidate. Etomidate may be rel- 
atively contraindicated in patients with epilepsy or in pa- 
tients in whom an increase in the cerebral metabolic rate 
should be avoided. 


Walter Krieger, MD 
Department of Anesthesiology 


Michael Koerner, MD 

Department of Clinical Neurophysiology 
Good Samaritan Hospital and Medical Center 
Portland, OR 97210 
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Dural Puncture Headache Suspected, 
Cortical Vein Thrombosis Diagnosed 


To the Editor: 


Younker et al. (1) in their interesting article about cortical 
vein thrombosis and the obstetric anesthesiologist re- 
minded me of a basic problem confronting the obstetric 
anesthesiologist, namely, the differential diagnosis of head- 
ache and neckache in the peripartum period. 

A healthy, well-hydrated 31-yr-old woman received epi- 
dural anesthesia for repeat cesarean section. Because of an- 
atomical and technical problems, the first epidural catheter 
placement was unsuccessful and had to be redone. The 
patient's operative and postoperative courses were uncom- 
plicated for the first 16 hr, but she then reported posterior 
headache and neckache brought on by assuming an upright 
position and relieved by reclining. Dural puncture headache 
was suspected by her physician. Oral fluids were encour- 
aged, and bed rest and analgesics were prescribed. She was 
seen at 24 and 48 hr. There was no neck stiffness. By 72 hr 
she had only minimal headache and felt well otherwise. 
Later that day she developed numbness of the right side 
followed by three generalized motor seizures. She was treated 
with diazepam, phenytoin, and dexamethasone. The sei- 
zures were controlled, but the patient remained aphasic and 
hemiplegic on the right for several days. CT scan of the 
head showed edema of the left hemisphere. Coagulation 
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studies were normal. Spinal fluid examination 5 days after 
delivery revealed xanthochromia. Cortical vein thrombosis 
was diagnosed. Dysphasia and right hemiparesis improved 
with therapy over twenty months. 

It was my reasoning initially that 1) the patient could 
have had a dural puncture during placement of the epidural 
catheter without spinal fluid being seen; 2) the headache 
brought on by assuming the upright posture was compat- 
ible with a spinal headache (I have seen several patients 
with neckache only), and 3) other causes of headache such 
as infectious processes and subarachmoid hemorrhage would 
be extremely unlikely. Conservative therapeutic measures 
were begun, and epidural blood patch therapy was dis- 
cussed. 

The patient’s headache improved, fortuitously reducing 
the need for an epidural blood patch, thereby avoiding an 
association of the procedure with the catastrophic neuro- 
logical injury produced by the cortical vein thrombosis. Since 
attending physicians may not have sufficient reason to con- 
sider subarachnoid hemorrhage as a cause for peripartum 
headache, conservative therapy and observation for a few 
days before giving an epidural blood patch to patients with 
suspected dural puncture headaches may be wisest. 


Charles H. Hubbert, Mp 
Department of Anesthesia 
Baptist Memorial Hospital East 
Memphis, TN 38119 
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What is the Normal Work of 
Breathing? 


To the Editor: 


In a recent article, Bolder et al. (Anesth Analg 1986;65: 
853-9) demonstrate that the work of breathing through an 
endotracheal tube increases when respiratory rate or tidal 
volume is increased or when the endotracheal tube diameter 
is decreased. However, there is confusion as to whether 
breathing through an 8.0-mm endotracheal tube actually 
doubles the work of breathing, as the authors state. 

In the discussion, the authors state, on the one hand, 
that 0.07 Watts is the normal work of breathing. On the 
other hand, in their experiment, using an 8.0-mm endotra- 
cheal tube with a tidal volume of 500 ml and a respiratory 
rate of 20, they calculate the work of breathing to be 0.07 
Watts. How, then, does the endotracheal tube increase the 
work of breathing at all, much less double it? 

Another bit of confusion arises in Figure 3 of the article. 
This graph is intended to show that, at any of the experi- 
mental combinations of rate and tidal volume, the work of 
breathing decreases as the radius of the endotracheal tube 
increases. The graph would be correctly drawn if the radius 


of the endotracheal tube were plotted on the x axis. How- 
ever, the x axis is labeled 1 over the radius in which case 
the graph lines should be slanted in the opposite direction. 
I suspect that this was merely a mislabeling by the authors. 


Jan Ehrenwerth, MD 
Department of Anesthesiology 

Yale University School of Medicine 
New Haven, CT 06510 


pH Adjustment of Chloroprocaine 
solutions 


To the Editor: 


The article by DiFazio et al. regarding the pH adjustment 
of lidocaine solutions used for epidural anesthesia was most 
interesting and enlightening (1). Chloroprocaine (Nesa- 
caine®) has a comparatively low pH, and pH adjustment 
might accelerate the onset of action. Table 1 shows results 
of the addition of 0.5 mEq aliquots of sodium bicarbonate 
to 30 ml stock 3% chloroprocaine of two different lot num- 
bers, at room temperature. The pH was measured with a 
Radiometer PHM84 pH meter immediately after each ali- 
quot of bicarbonate was added and mixed. It is obvious that 
the addition of a small amount of NaHCO, appreciably 
increases the pH of the resulting solution. In the clinical 
use of 3% chloroprocaine without NaHCO, added for ce- 
sarean section, adequate surgical anesthesia, in my expe- 
rience, is usually obtained within 14-15 min after injection. 
On several recent occasions, I have used pH-adjusted 3% 
chloroprocaine, adding 1 mEq NaHCO, to 30 mi 3% chlo- 
roprocaine, and surgical anesthesia was achieved in 6-8 
min. With urgent cesarean sections under epidural anes- 
thesia, this shortening of onset time has been most advan- 
tageous. 

It should be noted that epinephrine in a solution of pH 
over 7.0 has a markedly reduced life and effectiveness, and 
any solution prepared by pH adjustment should be used 


Table 1. pH of 3% 2-Chloroprocaine with 
Added Bicarbonate” 





pH 
Control 3.84 
0.5 mEq 6.72 
1.0 mEq 6.99 
1.5 mEq 7.15 


Note: Above mEgs (=1 ml) were added to 30 ml 3% 2-Chloroprocaine. 
‘Mean of two samples, two lot numbers. 
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immediately, especially if epinephrine is added. I should 
also note that we have added a small amount of bicarbonate 
to 0.5% bupivacaine solution, which caused precipitation. 
I suggest extreme caution if pH adjustment of bupivacaine 
solutions is attempted. 


Lloyd F. Redick, MD 
Departinent of Anesthesiology 
Duke University Medical Center 
Durham, NC 27710 
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Temperature of IV Solutions 


To the Editor: 


The study of delivery temperatures of heated and cooled 
intravenous solutions by Norman et al. (1) yields helpful 
clinical information. It prompts me to report an alternative 
and fast method of warming solutions that I have used for 
several years. 

Microwave ovens, which are commonly used in US hos- 
pital staff lounges for heating food, work equally well for 
the warming of IV fluids. 

Using an Amana “Radarange” at the ““full-power” set- 
ting, I have found that the following internal temperatures 
(measured with a Hi-Lo temp, Model 8200, Sensortek Inc., 
Clifton, NJ) are reliably achieved in 1-L plastic bottles of 
lactated Ringer’s solution (American McGaw, American 
Hospital Supply Corp., Irvine CA): 


Fluid temperature 


Time in oven achieved 
2 min 45°C 
3 min 54°C 
4 min 56°C 


The 2-min warming is ideal for rapid fluid-loading before 
spinal or epidural anesthesia for cesarean sections. The warm 
fluid feels comfortable to the patient and avoids the shiv- 
ering so commonly seen when large volumes of room-tem- 
perature fluid are infused. Others may find this method 
useful when warming cabinets are either unavailable or 
unstocked. 


David Vernon Thomas, MD, FFARCS 
2500 Hospital Drive 
Mountain View, CA 94040 


Reference 


1. Norman EA, Ahmad I, Zeig NJ. Delivery temperature’of heated and 
cooled intravenous solutions. Anesth Analg 1986;65:693-9, 


Book Reviews 


Hemotherapy in Childhood and Adolescence 
N.L.C. LubanandJ Kolins, eds. Arlington, VA: Amer- 
ican Association of Blood Banks, 1985, 105 pp, $24.00. 


The foreword states that this monograph is intended to 
bring together “different aspects cf transfusion that are unique 
to the older pediatric patients.” As in any multiauthored 
text, there is an uneven coverage of the topics. An objective 
measurement of the unevenness is to compare the 15 pages 
devoted to blood ordering, a subject of great interest to 
anesthesiologists, to the 38 pages devoted to hemoglobin- 
opathies. While this might be a measure of the complexity 
of the two subjects, comparison of the bibliographies of 
these two chapters reveals only four of the 16 references in 
the former and 66 of the 125 references in the latter pub- 
lished since 1980. 

The chapter on hemoglobinopathies is outstanding, 
combining a comprehensive review of the literature and the 
author’s personal experience and providing succinct guide- 
lines. The chapter on mechanical devices in pediatric trans- 
fusion is unique and equally comprehensive, providing in- 
formation on such diverse subjects as autotransfusion with 
placental blood in the infant (not necessarily among the 
“older pediatric patients”) and a wide variety of infusion 
pumps that have been used to administer blood or its com- 
ponents in pediatrics. This chapter concludes with the la- 
ment that “the pediatric patient should not continue to be 
the ‘orphan’ of the blood banking industry.” 

In summary, this monograph contains much information 
that will be of interest to anesthesiologists, especially those 
who care for pediatric patients on a regular basis. For the 
price, this reviewer considers the monograph a bargain. 
Norig Ellison, MD 
Professor of Anesthesia 
University of Pennsylvania 
Philadelphia, PA 17104 


Anaphylactic Reactions in Anesthesia and 
Intensive Care 

Jerrold H. Levy. Stoneham, MA: Butterworths, 1986, 173 
Pp, $22.95. 


Anesthesiologists frequently expose patients to risk by ad- 
ministering potential antigens such as anesthetic agents, 
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blood products, and antibiotics. We also care for patients 
who receive other potential antigens such as radiocontrast 
media and chymopapain. An anaphylactic reaction to these 
substances is not only a life-threatening complication for 
the patient, but a frightening event for the anesthesiologist 
as well. When we suspect a reaction has occurred we are 
immediately faced with questions: is it an anaphylactic or 
an anaphylactoid reaction, what is the offending agent, how 
do I confirm the diagnosis, what is the best treatment, and 
how can I prevent my patient from having further reactions? 

Dr. Levy’s Anaphylactic Reactions in Anesthesia and Inten- 
sive Care is a refreshing (by virtue of it being written by a 
single author), small textbook that provides answers to our 
questions. Divided into two major sections and 13 chapters, 
it leads the reader in a logical progression through the basic 
mechanisms underlying anaphylaxis, to the manifestations 
of anaphylaxis, to a practical discussion of methods for 
treatment, and finally, to a brief discussion of prophylactic 
measures. 

A few of the many good aspects of the book deserve 
special mention. For example, the presentation and writing 
style make for easy reading and understanding. There were 
no obvious printing errors. The inclusion of representative 
cases and a detailed description of protocols make the book 
of considerable use to the clinician. The protocol for man- 
agement of anaphylaxis in Table 9.1 should be copied and 
kept in one’s anesthesia machine. The bibliography is up- 
to-date, with all 432 references conveniently located at the 
end of the book. There are only a few figures, but those 
that are included are well-done and support statements 
made in the text. 

Despite the overall excellence of the book, it has a few 
minor problems. In chapters 10 and 11, which discuss care 
of the patient after the initial resuscitation from an ana- 
phylactic reaction, the author attempts to provide a practical 
plan for subsequent management of the patient. However, 
the approach to some issues is a bit too cursory. For ex- 
ample, one paragraph is alotted to a discussion of the im- 
portance of cardiac output determinations, yet no mention 
is made of how to utilize the data. In Table 11.2, it is sug- 
gested that PEEP be adjusted to achieve a PaO, of 80-100 
with an Flo, < 0.6, yet no mention is made of the concept 
of “best PEEP” or the potential cardiovascular risks asso- 
ciated with applying PEEP. Finally, the subject of weaning 
from mechanical ventilation is considered in only one page. 
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The attempt to make this portion of the book useful to the 
clinician is admirable, yet the discussion is too superficial. 

Determining the cause of an anaphylactic reaction is a 
challenging problem, and Levy offers a variety of useful 
tests. Nevertheless, a few omissions were noted. The pro- 
tocol for testing sensitivity to local anesthetics, outlined in 
Table 5.2, provides no details regarding technique (the reader 
must refer to the original reference for details). Also, there 
is nO mention that in vitro tests for drug allergy fail to detect 
sensitivity to drug metabolites (which may be the causative 
antigen). 

In conclusion, Levy has done an excellent job. The few 
. problems with the book are relatively minor. Overall, it is 
well-written, well-organized, informative, and a unique, 
welcome addition to the anesthesia literature. This reviewer 
will not go so far as to recommend that all anesthesiologists 
purchase the book, but I will recommend that it be pur- 
chased for every anesthesia library where it can be readily 
accessed. Anesthesiologists must be well-informed when 
encountering a patient with a severe anaphylactic or ana- 
phylactoid reaction. Levy’s book is an ideal source for that 
information. 


Bruce F. Cullen, MD 

Professor of Anesthesiology 

University of Washington School of Medicine 
Seattle, WA 98104 


A Practice of Anesthesia for Infants and 
Children 

J.E. Ryan, I.D. Todres, C.J. Coté and N. Goudsouzian, 
eds. Orlando, FL: Grune & Stratton, Inc., 1986, 314 pp, 
$67.50. 


This book presents a tremendous amount of knowledge on 
each page. The Pediatric Anesthesia Group of the Massa- 
chusetts General Hospital has been very successful in pro- 
viding an in-depth presentation of the most pertinent as- 
pects of pediatric anesthesia in a text that remains didactic 
and easy to read. The book is divided into 24 chapters 
averaging 15-20 pages for each presented topic and readily 
allows the digestion of each in one short session. This book 
will be very useful to students and residents encountering 
pediatric anesthesia for the first time, as well as to persons 
involved in lecturing on these subjects, as a ready reference 
for the rapid and comprehensive recall of the topics to be 
presented. The compact nature of the book does not carry 
the discussion into the last esoteric detail but liberally uti- 
lizes references instead. A pragmatic and scientific presen- 
tation results, and the definite need to consider the psy- 
chological needs of the child and family in administering 
anesthesia is not neglected. 

Fundamental themes such as pediatic pharmacology, air- 
way, temperature regulation, and fluid and blood manage- 
ment are presented, as well as topics like neonatal and 
pediatric emergencies, controlled hypotension, burn ther- 
apy, and malignant hyperthermia. The presentations on 
croup and epiglottitis are excellent. The book is not without 
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printing errors, and this is readily evident in the table of 
contents which lists chapters 17-24 as starting on the wrong 
pages. Another error is the apparent combination of Preface 
and Acknowledgement ‘and printing of both in identical 
fashion, except for the title on back-to-back pages. 

Frequently pediatric drug doses are given throughout 
the book and as useful tables inside the rear cover. Only 
one incorrect dosage was noted in the text, and care should 
be taken to verify unfamiliar dosage regimens from any 
textbook. The presentation of calcium flux during muscle 
contractions in Fig. 20-1 is also erronious and misleading, 
most likely due to printing error. Such shortcomings detract 
insignificantly, and I highly recommend this book to anyone 
interested in the many topics presented. 


Paul Martin Kempen, MD, BS 
Resident 

Department of Anesthesiology 
University of Michigan Hospitals 
Ann Arbor, MI 48109 


Regional Opioids in Anesthesiology and Pain 
Management 

U.H. Sjostand and N. Rawal, eds. Boston: Little Brown 
and Co., 1986, 135 pp, $24.00 (single issue), $53.00 (per 


annum). 


This 24th volume of the International Anesthesiology Clin- 
ics is written and edited by experts experienced in the ma- 
terial presented. The volume is a relatively short, concise 
review of a rapidly expanding field, and in large part pre- 
sents an excellent overview of this material. Many of the 
chapters provide an excellent starting point for clinicians 
interested in venturing into this area of patient care. In 
particular, the chapters on pharmacodynamics and phar- 
macokinetics and the one on chronic pain management are 
very practical “must reading” for such clinicians. Several 
other chapters are also well-written but are limited by their 
brevity. For instance, the chapter on opiate receptor mech- 
anisms was well-done, but suffers from its briefness and 
its dependence on graphs and tables while ignoring ana- 
tomic or diagrammatic illustrations of pathways and inter- 
actions. In addition, the chapter on current views of opiate 
receptors in anesthesia is very interesting and well-done 
but suffers from brevity. The chapter centers heavily on 
analgesia and volatile agents, but does not delve into using 
high-dose opiates for general anesthesia. 

Despite the above minor criticisms, this volume of In- 
ternational Anesthesiology Clinics is an excellent one and 
very nicely supplements the review article on epidural and 
intrathecal opiates by Cousins and Mather in Anesthesiology - 
1984;61:276-310. I would heartily recommend this volume 
to all interested in understanding and using this analgesic 
modality. 


Cosmo A. DiFazio, MD, PhD 
Professor of Anesthesiology 
University of Virginia Medical Center 
Charlottesville, VA 22908 
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Neonatal Anaesthesia and Perioperative Care 
D.J. Hatch and E. Sumner. Baltimore: Edward Arnold, 


1986, 271 pp, $59.50. 


The last 20 years have seen revclutionary advances in the 
treatment of neonates, increasing the need for expert an- 
esthetic care as more sick babies come to surgery. None of 
the current anesthesia texts (including Pediatric Anesthesia 
texts) adequately discuss the care of these patients and their 
unusual medical and surgical diseases. This monograph, 
which is Volume 5 of the Current Topics in Anesthesia Series, 
attempts to fill this void. 

. The text includes six chapters: “Perinatal Physiology,” 
“The Surgical Neonate,” ‘“Anaesthesia—Basic Principles,” 
“Anaesthesia—-Specific Conditions,” “Postoperative Care,” 
and ‘‘Resusitation of the Newborn.” There are also three 
useful appendicies: the first is a nine-page table of syn- 
dromes and medical conditions with the associated anes- 
thetic considerations; the second is a drug dosage guide, 
and the third is a table of normal laboratory values. This 
second edition differs little from the first (copyright 1981). 
It contains updated references, and the chapters are ex- 
panded. 

The authors of this text have again narrowly missed the 
opportunity to produce a classic reference text on this sub- 
ject. All the ingredients are there, but the proper emphasis 
is not. An example is the chapter on physiology. Rather 
than highlighting key principles, then focusing on their 
implications for anesthetic management, this chapter is an 
abbreviated version of material well-treated in current neo- 
natology and physiology texts. The same mistake is made 
in the long and difficult chapter on postoperative manage- 
ment. The authors seem to want to summarize all of neo- 
natology and pediatric intensive care in 40 pages. 

This reviewer was most disappointed with the gener- 
alized discussions found in the chapter entitled “Anaes- 
thesia—Specific Conditions.” A tightly referenced presen- 
tation of the published experier-ce in the surgical and an- 
esthetic management of these conditions with a critique 
and annotation by the authors would have been more useful 
to an interested anesthesiologist preparing to manage an 
infant with one of the problems discussed. 

Despite reservations, this reviewer recommends this book 
to anyone with a special interest in pediatric anesthesia. 
Much information included here is not found elsewhere in 
the anesthesia literature. Additionally, the volume is well- 
indexed, the appendices are helpful, and the references for 
further reading will significantly reduce the amount of time 
one will spend in the library researching some topics. This 
is a good book that falls just short of being a great one. 


Andrew T. Costarino, MD 
Instructor in Pediatrics and Anesthesia 
Children’s Hospital of Philadelphia 
Philadelphia, PA 19104 
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Cardiac Anaesthesia: Problems and 
Innovations 

S. DeLange, P.J. Hennis, and D. Kettler, eds. Dordrecht, 
The Netherlands: Martinus Nijhoff Publishers, 1986, 200 
pp, $52.50. 


This book is the latest in a series of twelve Dutch mono- 
graphs on “Developments in Critical Care Medicine and 
Anesthesiology” published by Martinus Nijhoff and con- 
tains contributions by its Dutch and German editors, as well 
as anesthesiologists from Italy, Austria, Sweden, and the 
US. All submissions are in English, with the exception of 
one figure legend in German, but there are many misspell- 
ings, typographical errors, and grammatical mistakes. The 
typeface and spacing change with each chapter. 

The preface introduces the text as a compilation of in- 
vited papers presented at the first European symposium on 
“Recent Advances in Cardiac Anesthesia” held May 9-10, 
1985, in Leiden, The Netherlands. The European Associa- _ 
tion of Cardiothoracic Anaesthesiologists was actually or- 
ganized during this symposium to provide its membership 
with a forum for “free exchange of new ideas and methods 
[in cardiac anesthesia] in Europe [as in the US].” | 

Despite multiple authors, there is little redundancy or 
repetition in the 21 papers or “chapters” dealing with pre- 
operative preparation, elective anesthetic management, in- 
traoperative monitoring, and anesthetic management of 
surgical emergencies in cardiac patients. Particularly note- 
worthy are the submissions on maintenance of preoperative’ 
medications, preoperative evaluation of mitral valve dis- 
ease, invasive monitoring, anesthetic techniques, intra- 
operative metabolic balance, and management of cardiac 
surgical emergencies. Unfortunately, most submissions read 


. like outlines for the oral presentation that they really were, 


and the figures are inserted in the text as slides in a lecture. 
Other minor weaknesses include failure to identify all ab- 
breviations, occasional improper scientific units, a few fig- 
ures without legends, and the classification of amrinone as 
a direct sympathomimetic, rather than as a cardiac phos- 
phodiesterase inhibitor. 

The three American submissions have been included 
among the noteworthy. These submissions also distinguish 
themselves for the book’s longest chapter (16 pages), long- 
est sentence (9 lines, 92 words), and most extensive, if not 
most current, list of references (44). In contradistinction to 
these submissions, the final four chapters by Dutch authors 
on anesthetic management of cardiac emergencies (cardiac 
tamponade, leaking prosthetic valves, massive pulmonary 
embolism, ruptured coronary artery following angioplasty) 
average 4.5 pages, have few misspellings, and contain prac- 
tical clinical information with clear dosages and simple mon- 
itoring choices for emergency use. Finally, the index is com- 
prehensive, but is not cross-referenced, and is full of 
abbreviations. l 

This book may have been better (and cheaper) conceived 
as a meeting syllabus or journal supplement. Despite the 
few shortcomings that could be predicted in a work of its 
nature, this book provides us with good insight into the 
organization and clinical commitment of our European col- 


leagues in cardiac anesthesia. Overall, this book is current, 
but contains little new information, and would best serve 
-practicing anesthesiologists who care primarily for adult 
patients undergoing cardiac surgery. 

James H. Diaz, MO 

Associate Professor of Anesthesiology (Clinical) 

Tulane University School of Medicine 

New Orleans, LA 70121 


Practical Management of Pain 
_R. Prithvi Raj, ed. Chicago: Yearbook Medical Publishers, 
1986, 956 pp, $125.00. 


This is an impressive collection of original contributions in 
the area of chronic pain, its history, diagnosis, and man- 
agement. In keeping with the multidisciplinary approach 
to the treatment of chronic pain syndromes fathered by J.J. 
Bonica, the 45 contributors to this text are from widely var- 
ied fields within the health care system. 

That this book represents the state-of-the-art can been 
seen at a glance through the table of contents. All conceiv- 
able aspects of pain management are addressed in this book. 
References to the chapters are recent, representing work 
published through 1983. In keeping with the diversity of 
opinion in the field, the authors hail from all parts of the 
western. world. 

In spite of the division of the book into six parts, there 
is a redundancy of presentation indicative of the lack of 
simple answers (or simple questions, for that matter) in the 
field of chronic pain. Much of what we think, or think we 
know, is a synthesis of work done in many areas. This book 
is an outstanding example of the diversity of our knowl- 
edge. The editing was apparently accomplished without 
offending any of the contributors. 

The consecutive reading of chapters in this book is im- 
paired by a general lack of consensus from one author to 
the next in discussions of the same topic. Although this 
diversity of opinion is in keeping with a style first presented 
in other great books compiled on the subject of pain, it 
occurs here under the guise of a text. 

As a reference for the library, the pain clinic, and for 
fellows studying with the intention to direct a pain center 
later, this book is essential. It is broad in scope, and rep- 
resents the most complete source book in the field of chronic 
pain written to date. 


Wilhelmina C. Korevaar, MD 
Assistant Professor of Anesthesia 
University of Pennsylvania 
Philadelphia, PA 19104 


Advances in Anesthesia 

Robert K. Stoelting, Paul G. Barash, and James Gallagher, 
eds. Chicago: Yearbook Medical Publishers, 1986, 403 pp, 
$55.95. 


In this third of the recent series of monographs by this 
publisher on advances in the field of anesthesiology dating 
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back to 1983, 17 authors from 11 institutions across the US 
present updates on topics pertinent to providing modern 
anesthesia and intensive care. Each chapter is carefully writ- 
ten and extensively referenced. A detailed index facilitates 
ready access to specific clinical problems and data. None of 
the chapters in this third volume appeared in the two pre- 
vious volumes. Unfortunately, those readers anxious to se- 
cure earlier volumes in this series for their collections will 
be dismayed to find volume one is out of print. Because 
each chapter is so complete and extensive, the reviewer 
finds it difficult to cite outstanding chapters. 

This volume, like other review texts, suffers from the 
lack of really up-to-date information, as judged by the ref- 
erences. Less than 2% of the references were published in 
1985 and none in 1986. The chapter on allergy contains no 
information about reactions to antibiotics, which we may 
unwittingly produce as we administer antibiotics, some- 
times hurriedly, at the request of surgeons. 

On balance this volume will prove thought-provoking 
and informative to residents preparing for examinations, 
faculty needing thorough reviews of certain topics, and 
practitioners needing concise information about clinical 
problems expected with tomorrow’s challenging cases or 
today’s surprising complications. The organization of the 
material facilitates a review of problem areas for the reader 
in contrast to the very consise reporting of recent papers 
as found in the Yearbook of Anesthesia. Probably, each ap- 
proach has its virtues and drawbacks. 


Carter M. Ballinger, MD 


Professor of Anesthesiology 
University of Colorado Health Sciences Center 
Denver, CO 80262 


Cardiotonic Drugs: A Clinical Survey 
Carl V. Leier, ed. New York: Marcel Dekker, Inc., 1986, 
312 pp, $69.75. 


Over the past several decades, an increasing number of 
inotropic drugs have become available for the treatment of 
congestive heart failure. This multiauthored book reviews 
exclusively the group of cardiotonic drugs best known as 
positive inotropes, emphasizing the numerous studies in- 
vestigating this group of drugs and their clinical application 
in the management of patients with congestive heart failure. 
Cardiotonic Drugs is well-written, and the presentation of 
the information is comprehensive and concise. Each chapter 
is extensively and currently referenced (references through 
1985 are cited). The figures and diagrams within the book 
are clear and easily understood. 

The initial chapter covers in extensive detail the indices 
utilized to determine the inotropic state of the ventricle. 
The clinically relevant discussion of the pitfalls of current 
techniques used to measure inotropy is well-presented. Pa- 
rentally administered positive inotropic drugs in the acute 
clinical settings are addressed. Little information, however, 
is included on their use to facilitate weaning from cardio- 
pulmonary bypass and immediate post bypass support. The 
chapter on digitalis is elaborately written, providing an 
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overview of the pathophysiologic basis for the use of dig- 
italis in the treatment of heart failure in humans. Phar- 
macokinetics and pharmacodynamic effects of digitalis are 
concisely and thoroughly presented. 

Subsequent chapters focus on the following classes of 
positive inotropes: nonparental sympathomimetics, phos- 
phodiesterase inhibitors, and bipyridine derivatives. The 
final chapter of the book introduces endogenous positive 
inotropic substances and discusses their potential role in 
man’s cardiovascular function. 

The editor states in the preface that this book is intended 
“to provide to basic and clinical scientists and practicing 
physicians a comprehensive current treatise on the group 
of cardioactive drugs generally referred to as positive ino- 
tropes.” This reviewer believes the authors have accom- 
plished their stated purpose. 


Ann V. Govier, MD 

Staff Anesthesiologist 

Department of Cardio-thoracic Anesthesia 
Cleveland Clinic Foundation 

Cleveland, OH 44106 


The 1986 Year Book of Anesthesia 


MEDICASSETTE™ Anesthesia, Volume 1, 
Numbers 1, 2, 3 

Ronald D. Miller, Robert R. Kirby, Gerard W. Ostheimer, 
Lawrence J. Saidman, and Robert K. Stoelting, eds. 
Chicago: Year Book Medical Publishers, 1986, 387 pp, 
$44.95; 6 tapes/year, $75.00. 


The 1986 Year Book of Anesthesia is the latest edition of a 
classic series reviewing that segment of medical literature 
relevant to anesthesia practice. The five editors have ab- 
stracted and commented on 310 articles published between 
September 1984 and October 1985 in 70 journals. The breadth 
of material covered is evidenced by inclusion of a sole article 
from each of 32 journals, including a report on “The Effect 
of Acupuncture on Experimentally Induced Itch,” pub- 
lished in Acta Dermato-Venereologica (Stockholm). Such breadth 
does not sacrifice depth of coverage: 27% of articles ap- 
peared in Anesthesia and Analgesia or Anesthesiology, with 
those 85 articles divided evenly between the two publica- 
tions. 

If this compendium could serve as a sensitive and specific 
tool for capturing the literature important to anesthesiolo- 
gists, one could substitute its use for a personal reading of 
the literature. Alas, since each person defines importance 
differently, no such subset can satisfy everyone. Of course, 
one must trust the editors to select the major developments 
for presentation. Since the editors form a group of distin- 
guished senior academicians experienced in this task and 
worthy of this trust, The Year Book of Anesthesia comes close 
to the goal of sensitivity. About specificity there can be no 
doubt: it is lacking, and appropriately so! The several ex- 
traneous reports of marginal interest (e.g., “Does Surgery 
Attract Students Who Are More Resistant to Stress?’’) lend 
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color and diversion to sustain the reader through an oth- 
erwise continually intense reading experience. The 118 il- 
lustrations, all reproduced from the original publications, 
display study results and are essential to an understanding 
of the articles reported. New chapters in this year’s book 
are titled “Anesthestic Techniques,” “Potassium, Calcium 
and Magnesium,” “Coagulation,” and “Aspiration Pneu- 
monitis.” Each of the five articles in the electrolyte chapter 
could and should have been incorporated in other book 
chapters. In contrast, the 11 articles on coagulation form a 
cohesive unit worthy of a distinct grouping. 

The individual editors have distinct styles. One chooses 
controversial articles and expounds his personal approach 
prolifically in the opinion section. Another writes terse phil- 
osophic comments, like “Etomidate still appears to be a 
drug in search of a use.” Rather than detract from this 
compendium, the individual styles enhance its value. How- 
ever, this reviewer wishes the senior editor had taken more 
liberty in other stylistic matters: the phrase “This is a fas- 
cinating study” appears so often in the reviewers’ com- 
ments that it becomes a cliché. Each of the editors often 
includes his opinion of the clinical implications of the ab- 
stracted work. 

For the most part, the articles abstracted are original 
investigations. I was pleased to see several clinically im- 
portant case reports reviewed as well. Often the comment 
section contains a reference to another related article. At 
the end of a few chapters, a list of appropriate review articles 
appear. It is unfortunate that the editors found only six 
such review articles worthy of such mention. On the whole, 
The 1986 Year Book of Anesthesia is a handsome, compact 
volume of value to the busy clinician and the academically- 
based physician alike. It is a ready reference to the year’s 
literature of importance to anesthesiologists. 

In the MEDICASSETTE™ tape series, two professional 
narrators read abstracts and opinions of 16 articles. The 
format is similar to that of the Year Book. Each cassette comes 
with a list of the articles including names and addresses for 
reprint requests. A cassette binder (not evaluated) is avail- 
able at extra cost ($9.95). Each tape opens with a pleasing 
15-second segment of “traveling” music. After this, Dr. 
Miller offers introductory remarks consisting of the titles of 
some of the articles that follow. For each article, one narrator 
reads the abstract and the other reads the editor’s comment. 
After each review, a brass fanfare is played prior to begin- 
ning the next article. Eight articles are reviewed on each 
side of the cassette. 

MEDICASSETTE™ seems to contain a greater percentage 
of articles of direct clinical relevance than the Year Book, 
although one can learn about ventilatory patterns during 
normal sleep and about lung neutrophils in respiratory dis- 
tress syndrome as well. The illustrations so useful in the 
Year Book are necessarily absent in the MEDICASSETTE™ 
series. However, one does not notice this very much: pre- 
sumably articles selected for MEDICASSETTE™ did not re- 
quire graphic accompaniment. 

This listener found the professional narration awkward. 
The enunciation was indeed precise. However the narra- 
tors’ unfamiliarity with anesthesia terminology greatly 
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hindered effective communication. Problems included mis- 
pronunciations (“kee-ta-meen” for ketamine), improper 
pauses within a sentence that changed its meaning (did the 
text have commas placed correctly?), and subtleties of in- 
flection that disclose a speaker uncomfortable with his topic. 
This is not to imply that narration by the editors would 
produce an overall superior tape. 

The traveling music suggested to me that one could listen 
to the tape while driving to and from work. When I tried 
this, I discovered I would have to relocate to make this 
successful: it is virtually impossible to concentrate on the 
narration while driving in city traffic. My colleagues who 
commute via long stretches of monotonous highway may 
find much better results. 

The MEDICASSETTE® series seems attractive to those 
physicians who can’t find the. time to read even the Year 
Book. This listener believes the audio medium is ill-suited 
for its task and would rate MEDICASSETTE® a second 
choice to the Year Book. 


Jan Charles Horrow 

Assistant Professor of Anesthesiology 
Hahnemann University 
Philadelphia, PA 19102 


Books Received 


Receipt of the following books from their publishers is acknowledged with 
thanks. Selected books from this list will be reviewed in the future. 


Cervero F, Morrison JFB, eds. Progress in Brain Research, Visceral Section, 
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Volume 67. Amsterdam, The Netherlands: Elsevier, Biomedical] Press, 1986, 
324 pp, $255.00. 

DeKornfeld TJ, ed. Anesthesiology. New York, NY: Medical Examination 
Publishing Company, 1986, 560 pp, $33.95. 

Garratty G, ed. Current Concepts in Transfusion Therapy. Arlington, VA: 
Amer Assoc Blood Banks, 1985, 323 pp, $34.00. 

Hindman BJ, ed. Neurological and Psychological Complications of Surgery 
and Anesthesia. Boston: Little Brown & Co., 1986, 284 pp, $18.00. 


Howland WS, Rooney SM, Goldiner PL, eds. Manual of Anesthesia in Cancer 
Care. New York: Churchill Livingstone, 1986, 321 pp, $27.00. 


Jones RM, ed. Current European Anesthesiol The Yearbook of the Eu- 
ropean Academy of Anesthesiology. New York: John Wiley & Sons, 1986, 
308 pp, $48.00. 

Katz J. Steward DJ, eds. Anesthesia and Uncommon Pediatric Diseases. 
Philadelphia: WB Saunders Co., 1987, 560 pp, $65.00. 


Kittle CF, ed. Current Controversies in Thoracic Surgery. Philadelphia: WB 
Saunders, 1986, 304 pp, $49.95. 

McQueen MJ. SI Units. Burlington, Ontario, Canada: Simole Consultants 
Ltd, 1982, 204 pp, $8.00. 

Merriam-Webster’s Medical Desk Dictionary. Springfield, MA: Merriam- 
Webster, Inc. 1986, 790 pp, $18.95. 

Morrison JD, Mirakhur RK, Craig HL. Anaesthesia for Eye, Ear, Nose, and 
Throat Surgery, 2nd edition. New York, NY: Churchill Livingstone, 1985, 
210 pp, $37.50. 


Peter B, Kraiker C. Bibliographie: Fsycho(physio)logiscae Aspekte und Be- 
handlungen von Schmerz. W. Germany: University of Munich, 1986, 106 
pp, $8.00. 

Shnider SM, Levinson G, eds. Anesthesia for Obstetrics, 2nd edition. Bal- 
timore: Wiliams and Wilkins, 1987, 566 pp, $65.95. 


Stoeckel H, ed. Quantitation, Modelling and Control in Anaesthesia. Stutt- 
gart: Georg Thieme Verlag, 1986, 310 pp, $50.20. 

Swedlow DB, Raphaely RC, eds. Cardiovascular Problems in Pediatric Crit- 
ical Care. New York: Churchill Livingstone, 1986, 311 pp, $42.00. 

Varkey GP. Anesthetic Consideration for Craniotomy in Awake Patients. 
Boston: Little Brown & Co., 1986 (Volume 24, No. 3, Intl. Anesth. Clin. 
Series), 190 pp, $53.00. 
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NEW...GUNTINUUUS INFUSIUN 


Smoother control 


Continuous infusion represents a significant advance in 
the delivery of nondepolarizing neuromuscular blockade. 
Continuous infusion of TRACRIUM® (atracurium besylate) 
offers advantages over repeated bolus doses of inter- 
mediate or long-acting neuromuscular blockers for 
maintaining smoother, continuous muscle 

relaxation in procedures ranging 

from 30 minutes to several hours. 


Unique metabolism— - 
ideal for infusion at 


The intermediate duration of TRACRIUM® 

allows rapid and accurate titration of 

neuromuscular blockade throughout the 

procedure, unlike longer-acting agents. 

The unique metabolism, independent of liver 

or kidney function, eliminates the need for age- 
related adjustments. TRACRIUM® also produces 

no cumulative effects when infusion dosage rate is 
administered and monitored so as to maintain neuro- 
muscular block between 89% and 99%. This results in a 
recovery profile similar to an initial bolus dose. 








Patients receiving TRACRIUM® by continuous infusion 

should be monitored carefully to assure continuous, ade- 
quate control of neuromuscular blockade throughout the 
procedure. Infusion requirements for each patient must be 
individualized, based on monitoring of the twitch response. 


Convenient to prepare 


To prepare a 0.5 mg/mL solution for infusion, mix 5 mL 
TRACRIUM® (atracurium besylate) with 95 mL of diluent 
(Dextrose 5%, 0.9% Sodium Chloride Injection, or 
Dextrose 5%/Sodium Chloride 0.9% Injection). Infusion 
solutions should be used within 24 hours. Lactated 
Ringers Injection is not recommended for preparation 
of TRACRIUM® infusion solutions. 
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TRACRIUM (atracurium besylate) 


Predictable recovery 


Spontaneous recovery following discontinuation of 
TRACRIUM® infusion may be expected to proceed at 
the same predictable rate, comparable to that following 
an initial bolus dose. 


Guidelines for administration 


Initial loading dose: Administer an initial bolus dose of 
0.3-0.5 mg/kg (approximately 21-35 mg in a 70 kg adult). 


Initial infusion dose: Infuse TRACRIUM® at a rate of 9-10 
/ ug/kg/min to maintain 89-99% neuromuscular block- 

ade until steady-state relaxation is achieved. Dosage 

should be titrated to the individual patient’s needs. 


Maintenance infusion dose: Once steady-state neuro- 
muscular blockade is achieved, an infusion rate of 

5-9 ug/kg/min is adequate to maintain continuous 
blockade in the 89-99% range for most patients under 
balanced anesthesia. Occasional patients may require 
as little as 2 ug/kg/min, or as much as 15 ug/kg/min 
for maintenance. 
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Net aey DELIVERY RATE 0.5 mg/mL SOLUTION 

a ais wei A ; g/kg/min mL/kg/min mL/kg/hr 
: -i j 5 0.010 0.60 
6 0.012 0.72 
7 0.014 0.84 
8 0.016 0.96 
9 0.018 1.08 
10 0.020 1.20 


Maintenance infusion rates should be reduced by 
approximately one-third in the presence of steady- 
state enflurane or isoflurane; smaller reductions are 
required for halothane. Hypothermia (25°C-28°C) can 
prolong the effect of surgical relaxation, so infusion 
rate should be reduced by about one-half during the 
hypothermic period. 
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Available in cost-effective multi-dose vials 
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TRACRIUM® INJECTION 
(atracurium besylate) 
Brief Summary 


This drug should be used only by adequately trained Individuals familiar yath its actions, 
characteristics, and hazards. 


CONTRAMIBSCATIONS: Tracrium is contraindicated in patients known to have-a hypersensitivity to It 


WARSINGS: TRACRIUM SHOULD BE USED ONLY BY THOSE SKILLED IN AIRWAY MANAGEMENT 
AND RESPIRATORY SUPPORT. EQUIPMENT AND PERSONNEL MUST BE IMMEDIATELY 
AVAILABLE FOR ENDOTRACHEAL INTUBATION AND SUPPORT OF VENTILATION, INCLUDING 
ADMINISTRATION OF POSITIVE PRESSURE OXYGEN. ADEQUACY OF RESPIRATION MUST BE 
ASSURED THROUGH ASSISTED OR CONTROLLED VENTILATION. ANTICHOLINESTERASE 
REVERSAL AGENTS SHOULD BE IMMEDIATELY AVAILABLE. 


DO NOT GIVE TRACRIUM BY INTRAMUSCULAR ADMINISTRATION. 


Tracrium has no known effect on consciousness, pain threshold, or cerebration. It should be used 
omy with adequate anesthesia 
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barbiturate solutions) in the same syringe or administered simultansousty during Intravenous 
infusion through the same needle. Depending on the resultant pH of such mixtures, Tracrium may 
be Inactivated and a free acid may be precipitated. 

PRECAUTIONS: 

General: Although Tracrium is a less potent histamine releaser than d-tubocurarine or 
metocurine, the possibilty of substantial histamine release In sensitive individuals must be 
considered. Special caution should be exercised m administering Tracrium to patients in whom 
substantia! histamine releasa would be espectally hazardous (¢.9., patiants with clinically 
significant cardiovascular disease) and in patients with any history (6.9., severe anaptrylactoid 
reactions or asthma) suggesting a greater risk of histamine release. In thase patients, the 
recommended initial Tracrtum dose is lower (0.3 to 0.4 mg/kg) than for other patients and should 
be administered slovrty or In divided doses over one minute. 


Since Tracrlum has no cilnicaly significant effects on heart rate in the recommended dosage 
range, it wil not counteract the bradycardia produced by many anesthetic agents or vagal 
stimulation. As a result, bradycardia during anesthesia may be more common with Tracrlum than 
with other muscle relaxants. 


Tracrium may have profound effects in patients with myasthenta gravis, Eaton-Lambert 
syndrome, or other neuromuscular diseases in which potentiation of noncspolarizing agents has 
been noted. The use of a peripheral nerve stimudator is especially importert for assessing 
neuromuscular blockade In these patients. Similar precautions should be taken in patients with 
severe electrolyte disorders or carcinomatosis. 


The safety of Tracrlum has not been established in patients with bronchial asthma. 


Brog interactions: Drugs which may enhance neuromuscular blocking action of Tracrlum 
Include: enflurans; isoflurane; halothane; certain antibiotics, especially the aminoglycosides and 
potymyxins; Rthium; magnesium salts; procalnamide; and quinidine. 

H other muscle relaxants are used during the same procedure, the possibility of a synergistic or 
antagonist effect should be considered. 


Pregnancy: Teratogoaio Effects: Pregnancy Cetegory C. Thare are no adequate and 
vwell-controfied studies In pregnant women. Tracrium shouid be used durin] pregnancy only ff the 
potential benefit justifies the potential risk to the fetus. 


Labor aad Delivery: It ls not known whether muscle relaxants administered during vaginal 
dettvery have immediate or delayed adverse effects on the fetus or increase the Ilkellhood that 
resuscitation of the newbom wil be necessary. The possibility that forceps delivery will be 
necessary may increase. 


Tracrtum (0.3 mg/kg) has been administered to 26 pregnant women during delivery by cesarean 
section. No harmful effects were attributable to Tracrium in any of the ngewbom infants, 
although smal amounts of Tracrtum were shown to cross the placental berrler. The possiblity of 
respiratory depression in the newborn Infant should ahways be considered following cesarean 
section during which a neuromuscular blocking agent has been administered. In patients 
recehing magnesium sulfate, the reversal of neuromuscular blockade may be unsatisfactory and 
Tracrium dose should be lowered as indicated. 


Mersing Mothers: It is not known whether the drug fs excreted In human milk. 


Pediatric Use: Safety and effectiveness in children below the age of 1 month have not been 
established. 


ABVEASE REACTIONS: 

Observed In Centrofied Clinical Studies: Tracrium produced few adverse reactions during 
extensive c&nical trials. Most were suggestive of histamine release (sea Precautions Section). 
The overall incidence rate for clinically important adverse reactions was 7/875 or 0.8%. 


Most adverse reactions were of little cfinical significance unless they were associated with 
agnificant hemodynamic changes. Substantial vital sign changes greater than 30% observed in 
530 patients, without cardiovascular disease, were as follows: In those patients given the recom- 
mended initial dosage range of 0.31 to 0.50 mg/kg of Tracrlum, mean artarlal pressure increased 
in 2.8% and decreased in 2.1% of patients while the heart rate increased in 2.8% of these 
pattents with 0 % change In heart rate. At doses of > 0.60 mg/kg, 14.395 of the studied patents 
had a decrease in mean arterlal pressure whlle 4.8% had an Increase In heart rate. 


Observed la Clinical Practice: Based on clinical expertence in the U.S. and the United Kingdom 
of approximately 3 million patients given Tracrium the folowing adverse reactions are among the 
most frequent reported: General: allergic reactions (anaphylactic or anaphytactold) which, in rare 
Instances, were severe (6.9., cardiac arrest); Muscudloskoletar Inadequate, prolonged block; 
Cardiovascular: hypotension, tachycardia, bradycardie; Respiratory: dyspnea, bronchospasm, 
laryngospasm; #xtegumentary: rash, urticaria, Injection site reaction. 

BOSAGE AND ADAIDIISTRATION: Tracrium should be administered intravenously. DO NOT GIVE 
TRAGRIUM BY INTRAMUSCULAR ADMINISTRATION. 


Bk Burr Wellcome Co. 
Research Trianale Park 


Balus Beses fer Intubation aed Maintesance ef Nearemosceiar Blockads: 
Aduits: A Tracrium dose of 0.4 to 0.5 mg/kg, given as an Intravenous bolus Injection, Is the 
recommended Initial dose for most patients. With this dose, good or excellent condkions far 
nonemergency intubation can be expected in 2 to 2.5 minutes In most patients, with maximum 
neuromuscular blockade achieved approximatety 3 to 5 minutes after infection. Clinically required 
neuromuscular blockade generally lasts 20 to 35 minutes undor balanced anesthesia. Under 
balanced anesthesia, recovery to 25% of contro! ls achieved approximately 35 to 45 minutes after 
injection, and recovery ls usually 95% complete approximately 60 minutes after Injection. 
Tracrium is potentiated by Isoflurane or enflurane anesthesia. The same initial Tracrium dose of 
0.4 to 0.5 mg/kg may be used for intubation prior to administration of these Inhalation agents; 
however, if Tracrium ts first administered under steady state of lsoflurans or enflurane, the initial 
Tracrium dose should be reduced by approximately one-third, l.e., to 0.25 to 0.35 mg/kg, to 
adjust for the potentiating effects of these anesthetic agents. With halothane, which has only a 
Dee reer ven ee ey een ey 
considered 


Tracrium doses of 0.08 to 0.10 mg/kg are recommended for maintenance of neuromuscudar 
blockade during prolonged surgical procedures. The first maintenance dose wil! generally be 
required 20 to 45 minutes after the inital Tracrium Injection, but the nead for maintanance doses 
shoud be determined by clinical crtterla. 


Calldrea and iafasts: No Tracrium dosage adjustments are required for pediatric patients two 
years of age or older. A Tracrium dose of 0.3 to 0.4 mg/kg fs recommended as the initial dose for 
Infants (1 month to 2 years of age) under halothane anesthesia. Maintenance doses may be 
required with sfightly greater frequency in infants and children than in adutts. 


Speciali Considerations: An inital Tracrium dose of 0.3 to 0.4 mg/kg, given stowly or in divided 
doses over one minute, is recommended for adults, chidren, or infants with significant 
cardiovascutar disease and for adults, children, or Infants with any history (e.9., severe 
anaphylactold reactions or asthma) suggesting a greater risk of histamine Telease. 


Dosage reductions must be considered aso in patients with neuromuscular disease, severe 
elactrolyte disorders, or carcinomatosis In which potentiation of neuromuscular blockade or 
difficulties with reversal have bean demonstrated. There has been no cimical experience with 
Tracrium in these patients, and no specific dosage adjustments can be recommended. No 
Trachum dosage adjustments are required for patients with renal disease. 


Bse by infustos: After administration of a recommended initial bolus dose of Tracriwm (0.3 to 0.5 
mg/kg), a diluted solution of Tracrlum can be administered by continuous Infusion to adults and 
children aged 2 or more years for maintenance of neuromuscular blockade during extended 
surgical procedures. Infuston of Tracrium should be Individualized for each patient. The rate of 
administration should be adjusted according to the patient's response as determined by 
peripheral nerve stimutation. 

Infusion of Tracrilum should be Initiated only after earty evidence of spontaneous recovery from 
ths bolus dase. An initlal infusion rate of 9 to 10 g/kg/min may be required to rapidly counteract 
the spontaneous recovery of neuromuscular function. Thereafter, a rate of 5 to 9 povkg/min 
should be adequate to maintain continuous neuromuscular blockade Inthe range of 89 to 99% 
In most pediatric and adult patients under balanced anesthesia. 


The neuromuscular blocking effect of Tracrium administered by infusion fs potentiated by 
enfturane or isoflurane and, to a lesser extent, by halothane. Reduction in the infusion rate of 
Tracrium should, therefore, be considered for patients receiving inhalation anesthesia. The rate of 
Tracrium infusion should: be reduced by approximately one-third in the presence of steady-state 
enfiurane or Isoflurane anesthesia; smaller reductions should be considered In the presence of 
hatothans. In patients undergoing cardiopulmonary bypass with Induced hypothermia, the rate of 
infusion of Tracrium required to maintain adequate surgical relaxation during hypothermia (25° 
to 28°C) has been shown to be approximatety half the rate required during normothermia. 


Spontaneous recovery from neuromuscular blockade following discontinuation of Tracrium 
Infusion may be expected to proceed at a rate comparable to that following administration of a 
single bolus dose. 


Tracrium infusion solutions may be prepared by adembing Tracrium Injection with an appropriate 
dient such as 5% Dextrose injection USP, 0.9% Sodium Chloride Injection USP, or 5%% 
Dextrose and 0.9% Sodium Chloride Injection USP. Infusion solutions should be used within 24 
hours of preparation. Spontaneous degradation of Tracrium has been demonstrated to occur 
more rapidly In lactated Ringer's solution than in 0.9% sodium chloride solution. Therefore, it ks 
recommended that lactated Ringer's infection USP not be used as a diluent m preparing 
solutions of Tracrium for infusion. 


The amount of infusion solution required per minute wil depend upon the concentration of 
Tracrium in the infusion solution and the dose of Tracrium desired (see table). 


Vacrium (atracurium besylate}—fRates of 
infusion for Concentrations of 0.2 and 0.5 mgimi 


Infusion Dellvery Rate (mi‘kg/min) 
a 





*2 mi of 1% (10 mg/m) Tracrium Injection added to 98 mi of diluent 
**5 mi of 1% (10 mg/m) Tracrium Injection added to $5 mi of diluent 


U.S. Patent No. 4179507 
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Introducing the PB254 Anesthesia Gas Monitor 


If you're puzzled about how to incorporate complete gas monitoring into you 
O.R., the PB254 Anesthesia Gas Monitor is the solution. It continuously monitors 
on a breath-by-breath basis, key airway gases of CO2 O2 N,O as well as 
anesthetic agents in one compact instrument. 


The PB254 Anesthesia Gas Monitor, utilizing advanced I.R. spec 


technology, has all the advantages available in a stand-alone monitor anc 


none of the uncertainty associated with central processing mass spec 
systems. 


Complete gas monitoring has become the standard of care — the PB254 
Anesthesia Gas Monitor is the standard for excellence. Call 1-800-255-6773 


HELPING YOU MANAGE RISK IN THE O.R. 


Distributor in western hemisphere 
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Enlon 


(edrophonium chloride 
Injection, USP) 


A rapid-acting 
neuromuscular reversal agent 





From the developers of 
Ethrane eenauane) and F or ANE isonurane) 


Anaquest 

2005 West Beltline Highway 
Madison WI 53713 2318 
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60-second reversal 
of neuromuscular blockade 


e Onset of reversal significantly faster than with neostigmine or 
pyridostigmine—60 seconds versus 7 minutes for neostigmine, 12 
minutes for pyridostigmine.'” 


e Duration of reversal comparable to that of neostigmine—66 minutes 
versus 76 minutes for neostigmine.” 


e Significantly fewer muscarinic side effects and lower atropine 
requirement than with neostigmine—edrophonium, 0.5 mg/kg, with 
only 7 ug/kg atropine, produced minimal change in heart rate or mean 
arterial pressure compared to noticeable changes in both indexes 
following neostigmine, 0.04 mg/kg, using twice the atropine dose 
(15 yg/kg)."” 

e May be the preferred reversal agent for atracurium and vecuronium 
‘compared with neostigmine, edrophonium has a more complete 
spectrum of atracurium reversal characteristics, and...antagonizes 
more rapidly residual atracurium-induced neuromuscular blockade.’ 


‘“Edrophonium may in fact be the preferred reversal agent for routine 
use with [vecuronium], having the advantages that restoration of 
voluntary muscle function is very rapid, and that the relatively small 
dose of atropine required minimizes the unwanted side-effects of 
this drug.’” 


*Note: When duration of action is adjusted for differences in onset of action, the relative durations are 65 minutes for edrophonium. 
and 69 minutes for neostigmine. 


1. Cronnelly R, Morris RB, Miller RD: Edrophonium: duration of action and atropine requirement in humans during halothane anesthesia. Anesthesiology 
57:261-266, 1982. 2. Miller RD, et al: Comparative times to peak effect and duration of action of neostigmine and pyridostigmine. Anesthesiology 
41:27-33, 1974. 3. Jones RM, Pearce AC, Williams JP: Recovery characteristics following antagonism of atracurium with neostigmine or edrophonium. 
Br J Anaesth 56:453-457, 1984. 4. Baird WLM, Bowman WC, Kerr WJ: Some actions of ORG NC45 and of edrophonium in the anaesthetized cat 

and in man. Br J Anaesth 54:375-385, 1982. 


Please see use information on next page. 
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Enlon (edrophonium chloride injection, USP) 


DESCRIPTION 
ENLON (edrophontim chloride infection, USP) is a rapid acting cholinergic 
{cholinesterase inhibitor). Chemically edrophonium chloride is ethyl 


(mo-hydroxypheny)) dimethyiammonium chloride and its structural formula is: 


C,H, 


HO N+ (CHs)a Cl~ 


ENLON contains in each mL of sterile solution; 


10 mg edrophonium chloride compounded with 0.45% phenol and 02% sodium 
sulfite as preeervative, buffered with sodium citrate and citric acid. tu pH in adjusted 
to approximately 64. 


INDICATIONS AND USAGE 
ee ee recommended as a reversal agent 


requirements 
emergency treatment in myasthenic crigis. It is not recommended 
for maintenance therapy in myasthenia gravis. 
CONTRAINDICATIONS 
ENLON {edrophonium chloride injection, USP) is not to be used in patients with 
known hypersensitivity to anticholinasterase agents, or in patients having urinary 
obstructions of mechanical type. 
WARNINGS 
Tt is pacomomencded thet 1 mg atropine sulfate should be made avuilable for immediate 


effects. 

PRECAUTIONS 

General: As with any antagonist of nondepolarizing muscle relaxants, 

recowary of and neuromuscular transmission must be obtained 


Drug Interactions: The drug should rot be administered prior to the administration 
of any nondepolarizing muscis relaxants. The drug shouki be administered with 
caution to patients with symptoms of myasthenic weekness 
anticholinestarase 


symptoms may mimic underdoeage (myasthenic 

may worsen the condition of these patients fee OVERDOSAGE section for treasment}. 
Pregnancy Category C: It is not known whether ENLON {edropbontum chloride 
injection, DSP) can cause fetal harm when administered to a pregnant woman or 
can affect reproduction capacity, since there have been no adequate and well 
controlled studies in humans 

Labor ami Delivery: The effect of ENLON on the mother and fetus, an the 


effect of the drug on the later growth, development and functional maturation of 
the child is also unknown. 


Nursing Mothers: The safety of ENLON during lactation in humans hes nct been 
eatablished. : 


Anaqueet 
2005 West Beltline Highway 
Madison WI 53713 2318 


Appropriate measures should be taken if convulsions of shock are present. 


DOSAGE AND ADMINISTRATION 
The recommended aduit intrevencus injection for antagonism of neuromuscular 
block: 


Administer 1 mL (10 mg) slowly within a period of 30 to 45 seconds, the dosage 
may be repeated to a maximum total dose of 4 mL (40 mg). Its onset of action is 


and an intravenous needle; 


intravenously 
Re ee ey 
be repeated after one-half hou: 


Intramuscular Dosage: Intramuscularly inject 1 mL (10 mg) of ENLON. If 
hyperreactivity (cholinergic reactian) is demonstrated, retest the patient after one- 
half hour with another intramuscular injection of 0.2 mL (2 mg) ENLON. This will 
eliminate the possibility of false-negative reactions. 

Children: 


Intravenous dose in children weighing up to 75 pounds: 
Intravencusly inject 0.1 mL (1 mg) ENLON. If there is no response within 45 seconda, 
incremental doses of 0.1 mL (i mg} given every 30 to 45 seconds may be administered 
to a maximum total dose of 05 mL {6 mg}. The recommended dose in infants is 
0.06 mL (05 mg}. 

Intravenous dose in chikiren above 75 pounds: 

Intravenously inject 0.2 mL {2 mg) ENLON. If there is no response within 46 secands, 
incremental doses of 0.1 mL (1 mg) given every 30 to 45 seconds may be administered 
to a maximum total dose of 1 mL (10 mg). 

Intramuscular Dose: Intramuscularly inject 02 mL @ mg) ENLON in chikiren 
vweadghing up to 76 pounds; above this weight, the dose is 0.5 mL (6 mg). All signs 
of hyperreactivity (cholinergic reaction) noted in the intravenous teat will be 
demonstrated in the intramuscular test; hovrever, there ts a two to ten minute delay 


ENLON (edrophonium injection, USP) Test in Crisis: 
Crisis in the myasthenic patient is os a state of severe roepimtory 
distress with inadequate exchange, end unpredictable response to 


The 

DRL If, after the entire 0.2 mL @ mg} dose has been injected, no improvement 
in respintion oowurm, discontinue al anticholinestarase drugs Controlled ventiiation 
can be achieved by tracheostomy with assisted respiration. 


HOW SUPPLIED 
ENLON (edrophonium chloride injection, USP}: 
NDC 10018-873-15 15 mL multidose vials. 
A-0323 Revised 10-86 
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Nicolet’s New Software Packages for Intraoperative Monitoring 
Specifically designed by a surgeon for use in the operating room 


Nicolet’s new Pathfinder software 
packages for intraoperative moni- 
toring of spinal cord and brain- 
stem function provide easier and 
faster evaluation of anesthetized 
patients. The unique design of 
these programs allows you to 
focus on data interpretation 
rather than instrument operation. 
To run a program, you simply 
select the desired item from 
menus displayed on the color 
screen, after which all aspects of 
data acquisition and display are 
handled by the program. All 
acquired data is stored and plotted 
simultaneously with new data 
acquisition. 


Collect twice the data in half 
the time using these features: 


© Simultaneous acquisition of 
independent evoked potentials 
from both lower or upper 
extremities. 

@ Simultaneous recording of 
somatosensory and brainstem 
auditory evoked potentials, 
using time bases and parameters 
appropriate to each modality. 

@ Simultaneous recording of 
both upper and lower extrem- 
ity evoked potentials using 
parameters approriate to 
each extremity. 

@ Automatic monitoring of facial 
nerve evoked potentials. 


In addition, the Nicolet 

Pathfinder also: 

© Updates averaged evoked 
potentialinformationas rapidly 
as every 15 seconds depending 
upon modality. 

© Provides on-line real time 
estimate of the quality of data 
being obtained. 

Automatically alternates be- 
tween the collection of soma- 
tosensory evoked potential 
and processed EEG data. 


For more information about Nicolet’s 
New Pathfinder Software Packages or 
to schedule a demonstration, call 
TOLL FREE 1-800-356-0007 in 
the continental USA. In Wisconsin, 
Alaska and Hawaii call collect 
608-27 1-3333. 





Nicolet Biomedical Instruments 


Sales and Service Offices Worldwide, Subsidiary Offices: Canada, France, Germany, 
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HARVARD CONTINUING EDUCATION 
Massachusetts General Hospital 
PRACTICAL ASPECTS OF PEDIATRIC ANESTHESIA 
May 15—17, 1987 
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This course will focus on the practical management of pediatric anesthesia patients. It is designed for 
physicians who anesthetize children either daily or occasionally. Emphasis will be placed on topics. of 
current Interest. The format of the course will include lectures, videotapes, posters, equipment exhibits, 
slides, and panel discussions. The Saturday luncheon panel will feature a discussion of problem cases; 
audience participation is encouraged. 


A special two-hour session with six workshops will allow close interaction with the faculty regarding 
fiberoptic bronchoscopy, new monitoring devices, invasive monitoring, malignant hyperthermia. Posters 
and videotapes will also be displayed. 


Our Visiting Professor is Dr. Frederic A. Berry, Professor of Anesthesiology and Pediatrics, Children’s 
Medical Center, University of Virginia, Charlottesville, Virginia. 


The meeting comprises three half-day teaching sessions, allowing participants and their guest to take 
advantage of a variety of social, cultural, athletic, and shopping activities. The program is approved for 15 
credit hours in category 1 of the Physician’s Recognition Award of the AMA. Application has been submitted 
to the American Association of Nurse Anesthetists for continuing education credits to be awarded to nurse 
anesthetists completing this course. 


For further details please contact Harvard Medical School, Department of Continuing Education, Boston 
MA 02115 (617-732-1525, M — F, 10 am — 4 pm Eastem Time). 


Course Directors: Drs. Charles J. Cote’, Letty M. P. Liu, Nishan G. Goudsouzian, and John F. Ryan, 


Department of Anesthesla, Massachusetts General Hospital, Boston, Massachusetts 02114. 
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ANESTHESIOLOGY 
REVIEW COURSE 


MAY 29-JUNE 3, 1987 
SAN DIEGO 


“IN-DEPTH” 

REVIEW COURSE 

in Anesthesia for 
HIGHLY MOTIVATED 
practitioners and trainees 


Sponsored by the 
Department of 
Anesthesiology 

UC San Diego School of 
Medicine, and accredited ` 
for 38 hours. 


This symposium is designed 
to give the practitioner a 
complete review of the 
applications of basic 
science to the clinical 
practice of anesthesiology. 
Five one-day sessions will 
feature the following 
specialists: ` 


Stephen E. Abram, M.D. 
Paul G. Barash, M.D. 
Jonathan L. Benumof, M.D. 
Frederic A. Berry, M.D. 
Sheila E. Cohen, M.D. 
Benjamin G. Covino, Ph.D., M.D. 
John C. Drummond, M.D. 
Paul R. Hickey, M.D. 
Ronald L. Katz, M.D. 

Carol L. Lake, M.D. 
Richard |. Mazze, M.D. 
Myer H. Rosenthal, M.D. 


Theodore H. Stanley, M.D. 
Robert K. Stoelting, M.D. 
Stephen J. Thomas, M.D. 
Michael M. Todd, M.D. 


‘Kevin K. Tremper, Ph.D., M.D. 


Paul F. White, M.D. 


Course Director: 
Theodore J. Sanford, Jr., M.D. 


Course Chairmen: 
Lawrence J. Saidman, M.D. 
Harvey M. Shapiro, M.D. 


For further information: 
Ann Wargo 
Anesthesiology, H-770 
UCSD Medical Center 
225 Dickinson Street 
San Diego, CA 92103 
1619) 543-5855 
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(droperidol) Injection 


RSVP: Your Hospital Pharmacist or Local Janssen Representative 
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From the established innovator in design and manufacturing, Sheridan Catheter Corp. offers the widest selection 
with uncompromising quality and unique features for patient and user convenience. From Pediatric to Adult 
needs, with specialty kits and accessories, Sheridan has tracheal tubes to meet almost any medical application. 


5 $ 
SHERIDAN/FLEXIBEND™, the newest innovation a O 
in tracheal tubes. Designed for both Oral and Nasal use, 9 9 9) ===] ig. 
it can be cut to desired length with limitless positioning either  * Be ae 
down over the lip or up over the nose. Available in most popular sizes, 
Adult Cuffed and Pediatric Uncuffed. 








SHERIDAN/HVT™, the tracheal tube that set a SHERIDAN /FLEXIBEND 
new industry standard. High Volume Tapered, low 

pressure cuff and X-Ray line from tip to connector. “3 

Pre-cut marks and smooth, well-shaped Murphy eye. fpa a 

Oral or Nasal use, available in most popular sizes. geet 











SHERIDAN /SPIRAL-FLEX™, the ultimate 

A in reinforced tracheal tubes. Designed to reduce the 

\ risks of kinking in long term surgical cases involving the 

extension or extreme flexion positioning of the patient’s neck. 
Popular sizes in both Oral pre-cut, with inserted 

stylet, and Nasal standard length. 
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This Publication 
is available in 
Microform. 
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Ann Arbor, M1. 48106 
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‘First Maker of 
Fluorinated Anesthetics 
in the U.S. 


"Pioneerin 
Anesthetic Purity 


Lowest Price of Any 
Potent Anesthetic 


HALOCARBON 


LABORATORIES, INC. 


PO. Box 833 
Hackensack, NJ 07602 








The recognized authority on mounting 
and evaluating clinical trials 


Controlled 
Clinical Trials 


Design, Methods, and Analysis 


Official Journal of the Society for Clinical Trials 








Editor-in-Chief Associate Editors 

Curtis L. Meinert Niels Tygstrup O. Dale Williams 
Department of Epidemiology Rigshospitalet University of North Carolina 
Johns Hopkins School of Hygiene and Public Health Copenhagen, Denmark Chapel Hill, North Carolina 
Baltimore, Maryland 

Controlled Clinical Trials is a respected and valuable # monitoring clinical trials for adverse or beneficial 
source of information for clinicians and statisticians effects 

involved in mounting and monitoring clinical trials and = assessing costs 


long-term follow-up studies. Its articles focus on design 
features or organizational structures that have contrib- 
uted to the success of other studies — from short-term, 


small-scale trials to long-term multicenter investiga- Recognizing the importance of effective data manage- 
tions — and can be beneficially applied to similar ment, Controlled Clinical Trials features articles on 
projects. the critical design and operating components of data 


processing systems that are used for maintaining a 


Controlled Clinical Trials offers proven methods for: long-term data base, and quality assurance methods 





= calculating sample size for long-term trials for error detection in data generation and processing 
m determining patient compliance in ongoing trials procedures. 
1987 Subscription Information Sample copies are available upon request. 
Volume 8 (4 issues) ISSN 0197-2456 
Resi ath i eo wy Controlled Clinical Trials is abstracted/indexed in: 
| Biological Abstracts, Current Contents/Life Sciences, 
For postage and handling outside the United Excerpta Medica, and Index Medicus. 


States. add $14.00 


For sample copies. send to Note: Send subscription 

In North and South America: in the rest of the world: orders to either your usual 

Elsevier Science Publishing Co.. Inc Elsevier Science Publishers supplier or the New York 

P.O. Box 1663 : Direct Mail Department address. Al! subscriptions 

Grand Central Station PO. Box 211 begin with the first issue of the 

New York. NY 10163-1663 1000 AE Amsterdam Calendar year and are entered 
The Netherlands upon receipt of payment. 


Subscription rates valid until 
December 31, 1987 
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Anesthesiolo ists: Put 
yourself ina Rocky position. 


How do you like fresh mountain air? 
Powder under your skis? World class ballet? 
A myriad of trout streams? 

And how would you like the time to 
enjoy them? 


CBE STYLE MANUAL 
Fifth Edition 


A guide for Authors, Editors, and Publishers in 
the Biological Sciences 

Widely accepted and recommended as the 
standard reference for journals and books in the 
biological sciences 







Special features of this newly updated and greatly expanded edition include: 










e four new chapters; èe complete revision of the section 
è reorganization of the ‘‘Manuscript on ‘Plant Sciences’’; ‘hen let's talk. 
Preparation’’ section for easier e cross-listing of ‘‘Abbreviations i : Js 
» 3 > g > nd Co » a `» 
fal tea knd Symbals“: Our current opening offers gene rous 
e new conventions in the chapter on time off, state-of-the-art facilities, predictable 
“Style in Special Fields’’; and much more . . . hours in a combined practice, and relief from 





CONTENTS: Ethical conduct in authorship and publication ¢ Planning the 
communication * Writing the article © Prose style for scientific writing « 
References © Illustrative materials è Editorial review of manuscripts ° 
Application of copyright law ® Manuscript into print ® Proof correction ¢ 
Indexing * General style conventions ® Style in special fields ° Abbreviations 
and symbols e Word usage ® Secondary services for literature searching ° 
Useful references with annotations © Subject index 


ISBN: 0-914340-04-2; clothbound; publication date: September 1983; trim 
size 6 x 9 inches; 324 pages 






the competitive hospital environment. 

‘lo learn more about our position in the 
Rockies, call toll-free, 1-800-654-4398. If 
youre in Utah, call 355-1234. 

Or write: 323 South 600 East, Salt Lake 
City, UT 84102, Attn: Professional Staffing. 


a à Ji The better value in quality healthcare. 
y oe i = ‘ a 

















Regular Price: $24.00 (10% discount on 10 or more copies delivered to one 
address) 
CBE Member Price: $21.50 (single copy paid by personal check) 
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Terms of Sale: All sales final; no returns. 
Prepayment required; U.S. currency drawn on a U.S. bank. 
Price includes BOOK RATE postage. 
For faster delivery--first class, air mail, or UPS available at additional 
charge (book weight | lb 9 oz). 
Maryland residents, please add 5% sales tax. 


Mail your order with payment to: 
COUNCIL OF BIOLOGY EDITORS, INC. 
9650 Rockville Pike, Bethesda, MD 20814 





The SARA “Smart Cart.” 





7 à i r j ; 
New and unique. Designed expressly for your instrumentation. 











Feature for feature, there is nothing The SARA Smart 

like the SARA Smart Cart. Cart puts new 

e A single, secure installation for all focus on organi- 
your monitors. zation, security, 

| visibility, mobility 

and flexibility. 

It’s the smart 

move in making 

monitoring work 

best for you. 








e Allows all of your monitors to be 
in one place where you can focus 
your attention closer to the patient. 








è Eight-position articulation for 
enhanced visibility. 












è Large built-in storage drawer. Write areal 

e Power strip with 6 hospital-grade today for 
outlets with 15 feet of cord plus complete 
cord wraps. details. 






è Mobility for wheel-it-all-out-together 
serviceability. 







e Accessibility. It’s easy to service 
monitors installed on a Smart Cart. 






e Comes fully assembled . . . ready 

to use. 
AIMT’s Smart Cart is unique . . . the 
only one of its kind. . . brings you, 
your monitors and your patient closer. 









ALLEGHENY INTERNATIONAL 
MEDICAL TECHNOIOCY 


897 Fee Fee Road ® St. Louis, MO 63043 
(314) 275-7272 © (800) 334-SARA 


An Allegheny International Company 


Classified Advertising 


PERMANENT POSITION WANTED 
CRNA—experienced, wishes busy situa- 
tion, solo or group, best of remuneration. 
1-800-521-6750. 


MDAS OR CRNAS: TRANS-AMERICAN 
ANESTHETISTS, WEST 

Temporary or Permanent MDAs, CRNAs, 
ready to serve you, up-to-date skills, co- 
operative, licensed, insured professionals 
caring about you. Call 1-800-762-1258, Box 
24432, Colorado Springs, CO 80918, or 303- 
598-2788 (CO). 


ANESTHESIOLOGISTS 

Excellent, prequalified individuals available 
to join your group on a career or temporary 
basis. For more information please contact: 
Southwest Anesthesia Services, PO Box 5719, 
Santa Fe, New Mexico 87502, (505) 983-7371. 


ROCKY MTS./SOUTHWEST 

We have career and temporary positions 
available from solo to large group practice 
in the Rocky Mts. and Southwest. Expenses 
paid; partnerships usually available. Please 
contact Southwest Anesthesia Services, PO 
Box 5719, Santa Fe, NM 87501. (505) 983- 
7371. 


800-FAST GAS: WORLDWIDE ANESTHESIA 

Have you got knocks and pings in your 
Anesthesia Department? Whether it’s a short 
or long-term staff shortage . . . we've got 
quality MDs and CRNAs to get your pro- 
gram running smoothly! 1-800-327-8427 
Worldwide Anesthesia, John Paju, President. 


TUTORING FOR WRITTEN AND ORAL 
BOARD EXAMS: 

Individual or small group sessions given in 
New York City, San Francisco, and Palm 
Springs. Unique approach to development 
of test-taking skills, including mock orals. 
Basic science emphasis. Call 415-321-1117. 


ANESTHESIOLOGIST 
_ABA Licensed to Practice in Texas and Lou- 
isiana. Available for weekend coverage and 
Locum Tenens. No agencies please. Con- 
tact Box AA6, % Anesthesia and Analgesia, 
Desk Editorial, Elsevier Science Publishing 
Co. Inc., 52 Vanderbilt Ave., New York, NY 
10017. 


PRIVATE TUTORING AVAILABLE FOR WRIT- 
TEN AND ORAL BOARD EXAMS 

Send name, address, and phone to Box ANA 
5-84-E, % Anesthesia and Analgesia, Desk Ed- 
itorial, Elsevier Science Publishing Co., Inc., 
52 Vanderbilt Avenue, New York, NY 10017. 


ANESTHESIOLOGIST SEEKING CHAIRMAN 
for established anesthesia department in 400- 
bed suburban Chicago, Ilinois hospital. All 
surgical specialties represented, including 
open heart. Must be board certified with 7 
yr minimum in academic environment. Ex- 
cellent financial arrangements. Send CV to 
CSS Associates, 6819 Winston Drive, Tinley 
Park, Ilinois 60477. 


ALABAMA 

Several immediate openings. We are con- 
sultants for anesthesiologists and charge no 
placement fees. Send reply in confidence to 
Medical Management, Inc., PO Drawer 7308, 
Montgomery, AL 36107. 


SOUTHWESTEEN PA ANESTHESIOLOGIST 
BEC to join group. All except open heart. 
Opening immediately. Excellent compen- 
sation and future for right person. Re- 
sponse confidential. Pittsburgh area. Sub- 
mit CV to Box L26, % Anesthesia and Analgesia, 
Desk Editorial, Elsevier Science Publishing 
Company, 52 Vanderbilt Avenue, New York, 
NY 10017. 


NORTH CAROLINA 

Anesthesiologist (BE/BC) wanted for thriv- 
ing anesthesia practice in eastern North 
Carolina coastal plains city of 25,000 to join 
group of one MDA and three CRNAs in 200- 
bed hospital. All surgical subspecialities ex- 
cept Neuro and OH. Send CV to Box X60, 
% Anesthesia and Analgesia, Elsevier Science 
Publishing Company, Desk Editorial, 52 
Vanderbilt Avenue, New York, NY 10017. 


CALIFORNIA: ANESTHESIOLOGIST 

Full-time faculty position at the Associate/ 
Full Professor level in expanding, young 
department with emphasis on teaching and 
research. Complete clinical services in one 
hospital. Prerequisites include board certi- 
fied; meet California license requirements; 
clinical expertise; demonstrated ability as a 
research scientist and ability to write schol- 
arly articles. Send curriculum vitae, bibli- 
ography and names of five references to John 


ANESTH ANALG 
VOL 66, NO 3, 1987 


H. Eisele, jk, MD, Anesthesiology Depart- 
ment, University of California, Davis, Med- 
ical Center, 2315 Stockton Blvd., Sacra- 
mento, CA 95817. Position open until filled 
but not later than March 31, 1987. We are 
an Equal Opportunity/Affirmative Action 
Employer. 


NEW ENGLAND 

Immediate opening for BC/BE MDA in 
coastal New England town. No neuro or 
open heart. Income guarantee. NAMA, PO 
Box 24, Carlisle, MA 01741. (617) 369-5980. 


CALIFORNIA 

Mercy Hospital and Medica! Center has an 
anesthesia residency position at the PGY-3 
(CA-2) level available July 1, 1987. Subse- 
quent CA-3 traing will be available in OB 
cardiac and advanced clinical anesthesia. 
California licensure required. Interested 
persons may apply to Robert G. Seeman, 
MD, Acting Director Anesthesia Residency 
Program, Mercy Hospital and Medical Cen- 
ter, 4077 Fifth Avenue, San Diego, CA 92103. 


ORAL BOARD REVIEW 

Practice exams with critique. Intensive 
weekend course in Tampa, FL. Sep. 18-20. 
Two instructors. Limited class size. Reply: 
2656 Gunckel BI., Toledo, OH 43606, or (419) 
475-9641. 


CLASSIFIED ADS 


Anesthesia and Analgesia makes available clas- 
sified advertising space for those interested in 
obtaining positions, or wishing to announce 

postgraduate courses, oc other events. 
Display spece (minimum 4 page) is also avail- 
able through Pharmaceutical Media, Inc. Rates 
for classified advertising: $1.00 per word, min- 
imum twenty words. Additional fee of $12.00 
for box number ads. Copy deadline 7 weeks 
prior to publication, e.g., for the March issue, 
copy should be received by the 1st of January. 
Full payment or institutional purchase order 


must accompany the copy for each ad. Ads 


received without a check or purchase order will 
be returned. Ad copy, subject to acceptance by 
publisher, should be typed double-spaced and 


Elsevier Science Publishing Co, Inc, 

52 Vanderbilt Avenue, New York, NY 10017. 
Make checks payable to Elsevier Science Pub- 
lishing Co, Inc. 
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PAIN FELLOWSHIP 

Applications are being accepted for Anes- 
thesia PGY-4 fellowship positions in pain 
management. Address inquiries to Chair- 
man, Department of Anesthesia, Provi- 
dence Hospital, Pain Control Center, 22301 
Foster Winter Drive, Suite 200, Southfield, 
Michigan 48075. (313) 424-3186. 


MIAMI COMPREHENSIVE REVIEW COURSE 
IN ANESTHESIOLOGY - APRIL 24-29, 1987— 
KEY BISCAYNE, FL 

Sponsored by the University of Miami School 
of Medicine/Department of Anesthesiol- 
ogy. For more information contact: Profes- 
sional Seminars, PO Box 012318, Miami, 
Florida 33101. Telephone: (305) 547-6411. 





ANESTHESIOLOGIST 

Board Certified/Eligible to join four Anes- 
thesiologists and seven CRNAs in a fee-for- 
service group in a very progressive com- 
munity hospital. All types of procedures ex- 
cept open heart. Send CVA to Berks Anes- 
thesia Assoc., Inc., Suite 203 200 North 13th 
Street, Reading, PA 19604. 


MOUNTAINS OF WESTERN NC 

BE/BC anesthesiologist needed to join fee- 
for-service group in a community on the 
crest of the Blue Ridge Mtns. Competitive 
salary. Send CV with references to Watauga 
Anesthesia Assoc., PA, 301 Birch St., Boone, 
NC 28607. 


SUNNY SOUTH FLORIDA 

Are you in Transition? Between jobs? Look- 
ing for decreased responsibilities? Part time 
job at Ambulatory Surgical Center in South 
Florida. Great opportunity, no night call, 
no weekends. Call 305-288-1411 Days or 305- 
283-4433 Evenings. 


COMMUNITY HOSPITAL—SOUTHWEST 
Anesthesiologist needed 3—4 months per year 
to cover vacations. 1—4 weeks at a time. 
Flexible, ideal part-time job—Straight sal- 
ary. Please contact: M.A.R.S, Inc., 2 Clark 
Bass Blvd., Suite #104, McAlester, Okla- 
homa 74501. (918) 426-5516 


CHICAGO - NORTHERN ILLINOIS 

BCBE recent AMG to join group of 3 anes- 
thesiologists supervising CRNAs. Facility 
with peripheral nerve blocks and invasive 
monitoring very desirable. Generous salary 
and benefits first year with possibility of full 
partnership thereafter. One hour from Chi- 
cago. Send resumes to Robert E. Stanell, 
Mb, Anesthesia Associates of Northern ll- 
linois, 4309 Medical Center Drive, Suite J, 
McHenry, IL 60050. (815) 344-5000 Ext. 3015 


ANESTHESIOLOGISTS 

Fulltime faculty positions available for Board 
eligible Anesthesiologists with fellowship 
training in a subspecialty area (Obstetrical 
Anesthesia, Cardiac Anesthesia or Neuro- 
anesthesia). Faculty rank will be commen- 
surate with experience. Duties include pa- 
tient care, teaching and research. Send CV 
to James R. Harp, MD, Professor and Chair- 
man, Dept. of Anesthesiology, Temple Uni- 
versity School of Medicine, Broad & Ontario 
Sts., Philadelphia, PA 19140. An equal op- 
portunity/affirmative action employer. 


FACULTY ANESTHESIOLOGIST 

Louisiana State University Medical Center, 
School of Medicine in Shreveport, has im- 
mediate openings for board certified faculty 
positions at all academic ranks in the De- 
partment of Anesthesiology. Academic rank 
is commensurate with education and ex- 
perience. Subspecialization in pain man- 
agement, cardiovascular, pediatrics, ob- 
stetric and outpatient anesthesia is preferred. 
An active transplant service is maintained 
by the Department of Surgery. Shreveport, 
with a metropolitan area population of 
350,000, has a progressive, growing and ex- 
panding medical school with an extremely 
challenging high risk patient population. 
Excellent financial and fringe benefits are 
available. Send CV to Bobby D. Nossaman, 
MD, Acting Chairman, Department of Anes- 
thesiology, LSU Medical Center in Shreve- 
port, 1501 Kings Highway, Shreveport, LA 
71130-3932. Affirmative Action/Equal Op- 
portunity Employer. 


DELAWARE 

The Medical Center of Delaware, an 1100- 
bed, tertiary care major teaching affiliate of 
Thomas Jefferson University, seeks a Di- 
rector for the Department of Anesthesiol- 
ogy. All surgical specialties are represented 
including cardiac surgery. The Medical 
Center is the major trauma referral center 
for the State of Delaware. There are ap- 
proved programs in surgery, internal med- 
icine, emergency medicine, ob-gyn, pedi- 
atrics, radiology and family practice. Over 
6000 deliveries with a 22% cesarean section 
rate are done annually. Approximately 22,388 
surgical operations are performed annually 
with 12,285 inpatient procedures and 10,103 
outpatient procedures. Candidates should 
have superior clinical abilities as well as 
demonstrated experience in teaching, re- 
search, and administration. The successful 
candidate will be eligible for academic ap- 
pointment at Jefferson Medical College of 
the Thomas Jefferson University in Phila- 
delphia, Pennsylvania. Please send curric- 
ulum vitae and three references indepen- 
dently to Richard Lennihan, Mp, Chairman, 
Search Committee, The Medical Center of 
Delaware, Medical-Dental Staff Office, PO 
Box 1668, Wilmington DE 19899. The Med- 
ical Center of Delaware is an affirmative ac- 
tion equal opportunity employer. 


OBSTETRIC ANESTHESIOLOGIST 

Busy service. Practice limited to obstetric or 
immediately-related obstetric anesthesia 
needs. Facilities separate and distinct from 
activities of general surgery. Prefer Board 
Cert. Reply “Obstetric Anesthesia,” P.C. 
(912) 354-8390. 


NEW YORK 

Anesthesia Group in New York Metropol- 
itan Area, seeking Board Certified/Eligible 
Anesthesiologist with excellent credentials 
for immediate opening, salary attractive, 
progressing to full partnership. Send re- 
sumes to Seaview Anesthesia Group, 475 
Seaview Avenue, Staten Island, NY 10305. 


NEW ENGLAND 

Progressive Southern New England Profes- 
sional Corp seeking BE BC Anesthesiologist 
for a 5-member group with CRNA. Send 
CV to Box BBY, % Anesthesia and Anal- 
gesia, Desk Editorial, 52 Vanderbilt Aves, 
New York, NY 10017. 


ANESTHESIOLOGIST 

Head of the Department of Pediatric Anes- 
thesiology, The Children’s Hospital of Buf- 
falo, University at Buffalo, State University 
of New York. We are seeking a person who 
is able to give professional and administra- 
tive leadership of highest quality to a de- 
partment with programs of patient care, 
teaching and research. Board certified anes- 
thesiologist with special training in pedi- 
atric anesthesiology. Send curriculum vitae 
and bibliography to Donald R. Cooney, MD, 
Department of Pediatric Surgery, The Chil- 
dren’s Hospital of Buffalo, 219 Bryant Street, 
Buffalo, NY 14222. An equal opportunity/ 
affirmative action employer. 


DIRECTOR OF ANESTHESIOLOGY 

St. Luke’s/Roosevelt Hospital Center, a 1315- 
bed university hospital of Columbia Uni- 
versity College of Physicians and Surgeons 
is seeking a Director of Anesthesiology. As 
a primary provider of healthcare to over 
400,000 people living in Manhattan’s Upper 
Westside, the Hospital Center operates very 
active inpatient and outpatient speciality and 
subspeciality programs. 

Board certified Anesthesiologists with 
demonstrated clinical, academic and ad- 
ministrative skills, qualifying for a Senior 
Academic rank are invited to submit their 
curriculum vitae to: Ronald C. Ablow, MD, 
Chairman, Search Committee for a Director 
of Anesthesiology, St. Luke’s/Roosevelt 
Hospital Center, 114th at Amsterdam Av- 
enue, New York, N.Y. 10025. Equal Op- 
portunity Employer M/F. 








CRITICAL CARE FELLOWSHIP 
Available starting July 1, 1987 and 1988. Ma- 


jor emphasis on surgical critical care but with 


opportunities to rotate through Neurologic 
and Pediatric ICU’s. Active research pro- 
gram in the metabolic and nutritional prob- 
lems of the critically ill. Board eligibility in 
Anesthesiology, Internal Medicine or Sur- 
gery required. Send CV to Edward D. Miller 
Jr, MD, Professor and Chairman, Depart- 
ment of Anesthesiology, Columbia Pres- 
byterian Medical Center, 622 W. 168th St., 
New York, NY 10032. Columbia University 
takes affirmative action to ensure equal 
opportunity. 


ANESTHESIOLOGISTS 

Full-time faculty positions available for Board 
Eligible Anesthesiologists with fellowship 
training in a subspecialty area (Obstetrical 
Anesthesia, Cardiac Anesthesia or Neuro- 
anesthesia). Faculty rank will be commen- 
surate with experience. Duties include pa- 
tient care, teaching and research. Send CV 
to James R. Harp, MD, Professor and Chair- 
man, Dept. of Anesthesiology, Temple Uni- 
versity School of Medicine, Broad & Ontario 
Sts., Philadelphia, PA 19140. An equal op- 
portunity/affirmative action employer. 








PENNSYLVANIA: REGIONAL ANESTHESIA 
FELLOW POSITIONS 

The University of Pittsburgh is offering both 
six- and twelve-month fellowships in Re- 
gional Anesthesia and Postoperative Pain 
Management. A very active regional anes- 
thesia program provides ample opportunity 
for clinical training, cadaveric dissection, 
teaching, and both clinical and laboratory 


research. A formalized program for the 
postoperative administration of epidural and 
intrathecal narcotics has been established. 
Starting date July 1987. Direct inquiries to 
Fred K. Khalouf, D.O., Director of Regional 
Anesthesia, Presbyterian-University Hos- 
pital, DeSoto at O'Hara Streets, Pittsburgh, 
Pennsylvania 15213. 


TEXAS 

B/C Anesthesiologist wanted with postgrad 
training or strong interest and experience 
in pain control—ICU experience also help- 
ful. Join established group in beautiful East 
Texas. Anesthesiology Services, P.A., 907 
N. Mound, Nacogdoches, TX 75961, 409- 
554-3659. 


OB ANESTHESIOLOGISTS 

Fellowship trained to work for PC at busy 
university-affiliated hospital. Stimulating 
practice. Home of regional perinatal center. 
4000+ deliveries/year. Excellent cultural, 
educational, and recreational resources. 
Liberal salary and fringe benefits. Send CV 
with application to CNY Anesthesia Group, 
P.C., 736 Irving Avenue, Syracuse, NY 
13210. 


UTAH 

The University of Utah seeks Anesthesiol- 
ogists who are Board Certified in Anesthe- 
siology preferably with a PhD in Physiology 
or Pharmacology for positions at Instructor 
to Associate Professor levels. Candidates 
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should have expertise in Obstetrical, Pedi- 
atrics or Neurosurgical Anesthesia. Expe- 
rience in clinical or basic science research is 
required. Send curriculum vitae to: K.C. 
Wong, MD, Charirman, Department of 
Anesthesiology, University of Utah School 
of Medicine, 50 North Medical Drive, Salt 
Lake City, Utah 84132. Equal Opportunity/ 
Affirmative Action Employer. Closing Date: 
March 31, 1987. 


NORTH CAROLINA 

Anesthesiologist needed to join fee-for-ser- 
vice group. Full partnership after year on 
salary. Send CV to BOX BB10, % Anesthesia 
and Analgesia, Desk Editorial, 52 Vanderbilt 
Ave., New York, NY 10017. 


FELLOWSHIP 

Advanced clinical training with separate 
opportunity for training in critical care and 
vascular surgery to begin July 1, 1987. Send 
CV to J.H. Eisele jR, MD, UC Davis Medical 
Center, Anesthesiology, 2315 Stockton Blvd., 
Sacramento, CA 95817. Affirmative Action/ 
Equal Opportunity Employer. 


PROGRESSIVE 

Southern New England professional cor- 
poration seeking BE and BC anesthesiolo- 
gist for a five-member group with CRNA. 
Send CV to Box BB11, % Anesthesia and An- 
algesia, Desk Editorial, Elsevier Science Pub- 
lishing Co., 52 Vanderbilt Ave., New York, 
NY 10017. 
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Floor, New York 10016. Telephone: (212) 685-5010 


Sometimes the most difficult 
part of treating an illness 
is respecting the patient 


RESPECTFUL 
TREATMENT: 


A Practical Handbook of Patient Care, 


Second Edition 
Martin R. Lipp, M.D., Associate Clinical 
Professor, Department of Psychiatry, 
University of California, San Francisco, CA 


How do you handle the combative patient. the se- 
ductive patient. the potentially suicidal patient. or the 
angry patient? As you know. the way you relate to your 
patients greatly affects their treatment. Patients who feel 
understood. supported. and respected. cope better with 
their illness and recover faster 

We have a book that will help you better manage 
and understand the emotional care of your patients 

RESPECTFUL TREATMENT: A Practical Hand- 
book of Patient Care, Second Edition 1s a book of pro- 
fessional wisdom that has come out of the practice of 
medicine — and has direct application back to ıt. This 
practical guide to interacting effectively with patients — 
and colleagues. brings you tried and proven ap- 
proaches to problems most often encountered ın patient 
management 


* patient anxiety e confusional states 

e depression e pain and addiction 

e refusal of treatment and certifiability 

* psychiatric emergencies ın the hospital setting 

* psychotherapeutic medication ın the physically 11! 
e families of the ill 


For strategies to improve and enhance patient man- 
agement and therapy. count on Respectful Treatment: 
“Martin Lipps beautiful book is for doctors who 

possess medical idealism. who respect the sanctity 
of suffering and who are equipped with tenderness. It 
IS a wonderful little book which I wish I could put in 
the hands of every medical student in America. 
— Karl Menninger. M.D.. 
Bulletin of the Menninger Clinic 
ELSEVIER (from a review of the first edition) 


1986 352pages 0-444-01001-7 paper $1895 


ORDER COUPON 


Please send me copy(ies) of Lipp/RESPECTFUL 
TREATMENT: A Practical Handbook of Patient 
Care, Second Edition. 0-444-01001-7. $18.95 per copy 


—— Please bill me. (Billed customers will be 
charged net cost plus postage and handling) 











Name 

Address 

City_____ss—s Stae—— ZipCode 

Please allow 6-8 weeks for delivery Price subiect t change without notice 


Return to your usual supplier or. 

Elsevier Science Publishing Company, Inc. 
P.O. Box 1663. Grand Central Station 

New York. New York 10163-1663 


Q RA CDAIA 


BRIEF SUMMARY— (Please consult full package insert, 
enclosed in every package, before using Regonol) 


INDICATIONS—Pyridostigmine bromide is useful as a rever- 
sal agent or antagonist to nondepolarizing muscle relaxants 


CONTRAINDICATIONS— Known hypersensitivity to anticho- 
linesterase agents: intestinal and urinary obstructions of 
mechanical type 


WARNINGS—Pyridostigmine bromide should be used with 
particular Caution in patients with bronchial asthma or cardiac 
dysrhythmias. Transient bradycardia may occur and be 
relieved by atropine sulfate. Atropine should also be used with 
Caution in patients with cardiac dysrhythmias When large 
doses of pyridostigmine bromide are administered, as during 
reversal of muscle relaxants, prior or simultaneous injection of 
atropine sulfate is advisable. Because of the possibility of 
hypersensitivity in an occasional patient, atropine and anti- 
shock medication should always be readily available 

When used as an antagonist to nondepolarizing muscle 
relaxants, adequate recovery of voluntary respiration and 
neuromuscular transmission must be obtained prior to dis- 
continuation of respiratory assistance and there should be 
continuous patient observation. Satisfactory recovery may be 
defined by a combination of clinical judgement, respiratory 
measurements and observation of the effects of peripheral 
nerve stimulation If there is any doubt concerning the ade- 
Quacy of recovery from the effects of the nondepolarizing 
muscle relaxant, artificial ventilation should be continued until 
all doubt has been removed 


Use in Pregnancy—The safety of pyridostiamine bromide 
during pregnancy or lactation in humans has not been estab- 
lished. Therefore its use in women who are pregnant requires 
weighing the drug's potential benefits against its possible 
hazards to mother and child 


ADVERSE REACTIONS— The side effects of pyridostigmine 
bromide are most commonly related to overdosage and gen- 
erally are of two varieties, muscarinic and nicotinic. Among 
those in the former group are nausea. vomiting, diarrhea 
abdominal cramps, increased peristalsis, increased saliva- 
tion, increased bronchial secretions, miosis and diaphoresis 
Nicotinic side effects are comprised chiefly of muscle 
cramps, fasciculation and weakness. Muscarinic side effects 
Can usually be counteracted by atropine. As with any com- 
pound containing the bromide radical, a skin rash may be 
seen in an occasional patient. Such reactions usually subside 
promptly upon discontinuance of the medication Throm- 
bophliebitis has been reported subsequent to intravenous 
administration 


DOSAGE AND ADMINISTRATION — When pyridostiamine 
bromide is given intravenously to reverse the action of muscle 
relaxant drugs. it is recommended that atropine sulfate (0 6 to 
1.2 mg) or glycopyrrolate in equipotent doses be given intra- 
venously immediately prior to or simultaneous with its admin- 
istration. Side effects. notably excessive secretions and 
bradycardia, are thereby minimized. Reversal dosages range 
from 0 1-0.25 mg./kg. Usually 10 or 20 mg. of pyridostigmine 
bromide will be sufficient for antagonism of the effects of the 
nondepolarizing muscle relaxants. Although full recovery may 
occur within 15 minutes in most patients, others may require a 
half hour or more. Satisfactory reversal can be evident by ade- 
quate voluntary respiration, respiratory measurements and 
use of a peripheral nerve stimulator device. It is recom- 
mended that the patient be well ventilated and a patent airway 
maintained until complete recovery of normal respiration is 
assured Once satisfactory reversal has been attained, 
recurarization has not been reported 

Failure of pyridostigmine bromide to provide prompt (within 
30 minutes) reversal may occur, e.g.. in the presence of 
extreme debilitation, carcinomatosis, or with concomitant use 
of certain broac spectrum antibiotics or anesthetic agents. 
notably ether. Under these circumstances ventilation must be 
supported by artificial means until the patient has resumed 
control of his respiration 


HOW SUPPLIED-—Regonol is available in 
5 mg./ml.: 2 ml. ampuls— boxes of 25—NDC-0052-0460-02 
5 ml. vials—boxes of 25—NDC-0052-0460-05 
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bromide injection, USP) 
when compared to neostigmine 


| Clinically fewer side effects 

| Significantly lower degree and incidence of: 
1) Bradycardia 
2) Salivation 
3) Gastrointestinal stimulation 

|| Wide margin of safety’? 
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Bringing together the traditions of high quality and precision from both Sheridan Catheter Corp. and the Yellow 
Springs Instrument Co. “State-of-the-art” monitoring probes in both disposable and unique limited re-use kits. 
With carefully designed-in patient and user benefits, Sheridan and YSI products are compatible with almost every 


patient monitoring system in use. Quality, sensitivity and reliability at economical cost 


almost every medical application. 


SHERIDAN /FO-LY-CATH™, with 
YSI Series 700 Thermistor Probe, now 

/ lets you accurately and continuously 
monitor patient temperature during 
extended surgery, recovery or as long as 
the Foley is required. 


For detailed information 
| and immediate response, write or call 
© SHERIDAN CATHETER CORP, 
Marketing Department 
Route 40, Argyle, New York 12809. 
(518) 638-6101 Telex: 926242 
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SHERIDAN SONATEMP™ , the 
esophageal stethoscope with YSI Series D gr 
400 or 700 Thermistor Probe. Consistent | 
and reliable monitoring of heart and 

ventilatory sounds and core temperatures. 
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SHERIDAN SONATEMP/LTU™ , with 
YSI Series 400 or 700 Thermistor Probe. 
The limited re-use YSI Thermistor with 
disposable esophageal stethoscopes, 
available in kit form. A significant innova- 
tion bringing temperature monitoring with 
stethoscopic capabilities into routine 
patient use. 


SHERIDAN SHER-I-TEMP/LTU™ | 
for precise pediatric nasopharyngeal / į 
rectal temperature monitoring, | 
with limited re-use YSI Series 
400 Thermistor Probe and 
disposable sheaths, 
in kit form. 
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(vecuronium bromide) for injection 
In the vial-syringe package... 





reduces preparation time, cost, and waste. 
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Each 10 mL vial contains 10 mg of 
lyophilized vecuronium bromide. Each 

10 mL prefilled syringe of diluent contains 
bacteriostatic water for injection, USP. 
Supplied in boxes of 10. 


C] Convenient, easy to mix...cuts prepa- 
ration time. 


C] Each vial-syringe unit comes complete 
with its own 22-gauge 14-inch needle, an 
added benefit at a cost saving when 

compared to atracurium. 








Available in the 5 mL vial pack 
with diluent, 10 mL vial pack with | 
diluent, and 10 mL vial pack withou 
diluent—as well as the new 
vial-syringe convenience pack. 
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oxygen monitoring line by introducing the MiniOx 
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MiniOx 100 provides immediate, accurate, non- 
invasive measurements of arterial oxygen satura- 
tion and pulse rate. 


The Quality Indicator is your built-in measure of 
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variable volume control. 
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Before prescribing, please consult complete prescribing information, of which the following is a brief summary 
CAUTION: Federal Law Prohibits Dispensing Without Prescription. 


DESCRIPTION: SUFENTA is a sterile, preservative free, aqueous solution containing sufentanil citrate equiva- 
lent to 50 pg per mi of sufentanil base for intravenous injection. The solution has a pH range of 3.5-6.0 


INDICATIONS AND USAGE: SUFENTA (sufentanil citrate)is indicated: As an analgesic adjunct in the 
maintenance of balanced general anesthesia. As a primary anesthetic agent for the induction and maintenance 
of anesthesia with 100% oxygen in patients undergoing major surgical procedures, such as cardiovascular 
Surgery or neurosurgical procedures in the sitting position, to provide favorable myocardial and cerebral oxygen 
balance or when extended postoperative ventilation is anticipated SEE DOSAGE CHART FOR MORE COMPLETE 
INFORMATION ON THE USE OF SUFENTA. 

CONTRAINDICATIONS: SUFENTA is contraindicated in patients with known hypersensitivity to the drug 
WARNINGS: SUFENTA should be administered only by persons specifically trained in the use of 
intravenous anesthetics and management of the respiratory effects of potent opioids. 

An opioid antagonist, resuscitative and intubation equipment and oxygen should be readily 
available. 

SUFENTA may cause skeletal muscle rigidity, particularly of the truncal muscles. The incidence and severity of 
muscle rigidity is dose related. Administration of SUFENTA may produce muscular rigidity with a more rapid 
onset than that seen with fentanyl. SUFENTA may produce muscular rigidity that involves the skeletal muscles 
of the neck and extremities. The incidence can be reduced by: 1) administration of up to 1/4 of the full para- 
lyzing dose of a non-depolarizing neuromuscular blocking agent just prior to administration of SUFENTA at 


following loss of consciousness when SUFENTA is used in anesthetic dosages (above 8 pg/kg) titrated by slow 
intravenous infusion, or, 3) simultaneous administration of SUFENTA and a full paralyzing dose of a neuro- 
muscular blocking agent when SUFENTA is used in rapidly administered anesthetic dosages (above 8 g/kg) 
The neuromuscular blocking agent should be compatible with the patient's cardiovascular status. Adequate 
facilities should be available for postoperative monitoring and ventilation of patients administered SUFENTA 
It is essential that these facilities be fully equipped to handle all degrees of respiratory depression 


PRECAUTIONS: General: The initial dose of SUFENTA should be appropriately reduced in elderly and debili- 
tated patients. The effect of the initial dose should be considered in determining supplemental doses. Vital 
signs should be monitored routinely. Nitrous oxide may produce cardiovascular depression when given with 
high doses of SUFENTA (see CLINICAL PHARMACOLOGY). The hemodynamic effects of a particular muscle 
relaxant and the degree of skeletal muscle relaxation required should be considered in the selection of a 
neuromuscular blocking agent High doses of pancuronium may produce increases in heart rate during 
SUFENTA-oxygen anesthesia. Bradycardia has been reported infrequently with SUFENTA-oxygen anesthesia 
and has been responsive to atropine. Respiratory depression caused by opioid analgesics can be reversed by 
opioid antagonists such as naloxone. Because the duration of respiratory depression produced by SUFENTA 
may last longer than the duration of the opioid antagonist actien, appropriate surveillance should be maintained 
As with all potent opioids, profound analgesia is accompanied by respiratory depression and diminished sensi- 
tivity to CO, stimulation which may persist into or recur in the postoperative period. Appropriate postoperative 
monitoring should be employed to ensure that adequate spontaneous breathing is established and maintained 
prior to discharging the patient from the recovery area. Interaction with Other Central Nervous System 
Depressants: Both the magnitude and duration of central nervous system and cardiovascular effects may be 
enhanced when SUFENTA is administered to patients receiving barbiturates, tranquilizers, other opioids, general 
anesthetics or other CNS depressants. In such cases of combined treatment, the dose of one or both agents 
Should be reduced. Head Injuries: SUFENTA may obscure the clinical course of patients with head injuries 
Impaired Respiration: SUFENTA should be used with caution in patients with pulmonary disease, decreased 
respiratory reserve or potentially compromised respiration. In such patients, opioids may additionally decrease 
respiratory drive and increase airway resistance. During anesthesia, this can be managed by assisted or 
controlled respiration. Impaired Hepatic or Renal Function: In patients with liver or kidney dysfunction, SUFENTA 
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Predictable control for longer, more stressful procedures 


PROVIDES smooth induction’ 


BLUNTS hemodynamic response to intubation 
and surgical stimulation’ 


REDUCES need for vasoactive drugs in 
the intraoperative and postoperative periods’ 


RESULTS in lower postoperative morbidity after 


aortic surgery compared with isoflurane’ 
(in a randomized study comparing sufentanil and isoflurane) 


CONVENIENT: Fewer ampoules to open 


of SUFENTA 


Carcinogenesis, Mutagenesis and Impairment of Fertility: No long-term animal studies of SUFENTA 
have been performed to evaluate carcinogenic potential. The micronucleus test in female rats revealed that 
single intravenous doses of SUFENTA as high as 80 pg/kg (approximately 2.5 times the upper human dose) 
produced no structural chromosome mutations. The Ames Salmonella tyohimurium metabolic activating 
test also revealed no mutagenic activity. See ANIMAL TOXICOLOGY for reproduction studies in rats and rabbits 


Pregnancy Category C: SUFENTA has been shown to have an embryocical effect in rats and rabbits when 
given in doses 2.5 times the upper human dose for a period of 10 days to over 30 days. These effects were 
most probably due to maternal toxicity (decreased food consumption with increased mortality) following 


prolonged administration of the drug. No evidence of teratogenic effects have been observed after administra- 


tion of SUFENTA in rats or rabbits. There are no adequate and well-controlled studies in pregnant women 
SUFENTA should be used during pregnancy only if the potenfial benefit justifies the potential risk to the fetus 
Labor and Delivery: There are insufficient data to support the use of SUFENTA in labor and delivery 
Therefore, such use is not recommended 


Nursing Mothers: It is not known whether this drug is excreted in human milk. Because many drugs are 
excreted in human milk, caution should be exercised when SUFENTA is administered to a nursing woman 


Pediatric Use: The safety and efficacy of SUFENTA in children under two years of age undergoing cardio- 


vascular surgery has been documented in a limited number of cases 


Animal Toxicology: The intravenous LD<, of SUFENTA is 16.8 to 18.0 mg/kg in mice, 11.8 to 13.9 mg/kg in 
guinea pigs and 10.1 to 19.5 mg/kg in dogs. Reproduction studies performed in rats and rabbits given doses of 
up to 2.5 times the upper human dose for a period of 10 to over 30 days revealed high maternal mortality rates 
due to decreased food consumption and anoxia, which preclude any meaningful interpretation of the results 


ADVERSE REACTIONS: The most common adverse reactions of opioids are respiratory depression and 
skeletal muscle rigidity. See CLINICAL PHARMACOLOGY, WARNINGS and PRECAUTIONS on the management of 


respiratory depression and skeletal muscle rigidity, The most frequent adverse reactions in clinical trials involv- 
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Dermatological: itching, erythema 
Central Nervous System: chills 
Miscellaneous: intraoperative muscle movement 


Cardiovascular: tachycardia, arrhythmia 
Gastrointestinal: nausea, vomiting 
Respiratory: apnea, postoperative respiratory 
depression, bronchospasm 


DRUG ABUSE AND DEPENDENCE: SUFENTA (sufentanil citrate) is a Schedule |! controlled drug substance 
that can produce drug dependence of the morphine type and therefore has the potential for being abused 


OVERDOSAGE: Overdosage would be manifested by an extension of the pharmacological actions of SUFENTA 
(see CLINICAL PHARMACOLOGY) as with other potent opioid analgesics. However, no experiences of over- 
dosage with SUFENTA have been established during clinical trials. The intravenous LDso of SUFENTA in male 
rats is 9.34 to 12.5 mg/kg (see ANIMAL TOXICOLOGY for LD.,s in other species). Intravenous administration 
of an opioid antagonist such as naloxone should be employed as a specific antidote to manage respiratory 
depression. The duration of respiratory depression following overdosage with SUFENTA may be longer than 
the duration of action of the opioid antagonist. Administration of an opioid antagonist should not preclude 
more immediate countermeasures. In the event of overdosage, oxygen should be administered and ventilation 
assisted or controlled as indicated for hypoventilation or apnea. A patent airway must be maintained, and a 
nasopharyngeal airway or endotracheal tube may be indicated. If depressed respiration is associated with 
muscular rigidity, a neuromuscular blocking agent may be required to facilitate assisted or controlled respira- 
tion, Intravenous fluids and vasopressors for the treatment of hypotension and other supportive measures 
may be employed 

DOSAGE AND ADMINISTRATION: The dosage of SUFENTA should be individualized in each case according 
to body weight, physical status, underlying pathological condition, use of other drugs, and type of surgical 
procedure and anesthesia. In obese patients (more than 20% above ideal total body weight), the dosage of 
SUFENTA should be determined on the basis of lean body weight. Dosage should be reduced in elderly and 
debilitated patients (see PRECAUTIONS) 
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Every doctor needs to know the 
problems which can arise in 
(multiple) drug therapy for the 
elderly, not only to maximize the 
efficacy of treatment but also to 
minimize the risk of harmful 
adverse effects. Elderly people 
often take several drugs simulta- 
neously and are much more at risk 
of adverse drug reactions than the 
younger age groups. With the 
increasing use of drugs, adverse 
-drug reactions in the elderly have 
become a modern epidemic. ‘Drug 
Induced Diseases in the Elderly’ 
seeks to give a comprehensive 

“account of all side effects in the 
elderly, and their mechanisms, as 
reported in the world literature up 
to the fall of 1985. 


CONTENTS: Foreword by M. N.G. 
Dukes. 
1. Introduction. 
L EPIDEMIOLOGY AND DIAGNOSIS 
OF ADVERSE DRUG REACTIONS IN 
THE ELDERLY. 
2. Epidemiology of adverse drug 
reactions in the elderly. 3. Diagnosis of 
adverse drug reactions in the elderly. 
ll. MECHANISMS OF ADVERSE DRUG 
. REACTIONS IN THE ELDERLY. 
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‘|. reactions: 5. Compliance factors. 6. 
Pharmacokinetic factors. 7. Pharmaco- 
dynamic factors. 8. Interactive factors. 
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Conditioning factors. 11. Disease 
factors. 


Tl. MANAGEMENT AND PREVENTION 
OF ADVERSE DRUG REACTIONS IN 
THE ELDERLY. 

12. Management and prevention of 
adverse drug reactions in the elderly. 
IV. SYMPTOMS OF ADVERSE DRUG 
REACTIONS IN THE ELDERLY. 

13. Neuropsychiatric disorders. 14. 
Disorders of the special senses. 15. 
Gastrointestinal disorders. 16. Genito- 
urinary disorders. 17. Cardiovascular 
disorders. 18. Respiratory disorders. 19. 
Metabolic mantfestations and endocrine 
disorders. 20. Haematological disorders. 
21. Bone and joint disorders. 22. Skin 
disorders. 

V. ADVERSE REACTIONS TO 
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GROUPS. 

23. Drugs used in anaesthesia. 24. 
Analgesics/antirheumatics. 25. Anti- 
convulsants. 26. Antihistamines. 27. 
Antihypertensive agents. 28. Anti- 
parkinsonian agents. 29. Antithrombotic 
agents. 30. Antithyrotd agents. 31. 
Antidiabetic agents. 32. Antlarrhyth- 
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relaxants. 42. Miscellaneous drugs. 
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Review on Volume 2: 


“The information in this text Is 
presented in a manner friendly to the 
busy, non-specialist cortex. Any 
practitioner who sincerely wishes to 
poison his elderly patients less often 
would benefit from reading it and 
having it available for reference.“ 

— The Lancet 


Reviews on Volume 1: 


*... This book and ultimately the entire 
series should prove valuable to all 
physicians.” 
—Gastroenterology 

*... A book that will be of great value to 
clinicians. It should be in every hospital 
pharmacy library and merits serious 
consideration by any other medical 
brary...” 

-British Medical Journal 
“This book contains all the information 


anyone would want on the adverse 


effects of drugs on the liver .... I expect 
its successors in the series will prove 


indispensable“ 
~The Lancet 


“This is the most comprehensive and up 

to date work currently avallable on the 

subject, and I salute the authors” 
—European Journal of Hepatology 
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Dual action 
INOCOR LY. (AMRINONE) 


Inotropic plus 
vasodilating action 
In a single drug. 








Two-in-one action can CARDIAC 
improve hemodynamic response +69 
after cardiac surgery. 

In patients with congestive 
heart failure due to coronary 
artery disease, INOCOR LV. 
increases CI and decreases 
preload and afterload without 
increasing MVO, or significantly 
increasing risk of arrhythmias. 

INOCOR LV. is “...an 
extremely useful tool... have ee 
been using amrinone...[for] 
inotropic support to wean | 
patients from cardiopulmonary Raine was infused at 2.5 mg/kg over 1 hour. Adapted from 
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bypass and as a means of contraindications, adverse reactions, patient selection, and precautionary 


recommendations 


increasing [CI] in the post- "Interview on file Winthrop Pharmaceuticals 
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bypass period. 


Roberta Hines, M.D. 
Yale University School of Medicine 
Yale University Hospital 
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-INORI 
o-in-ọne dual inotropic and 
vasodilator action provides 

improved therapy for the 
ac surgery patient. 


W Unlike catecholamines, INOCOR 
does not increase MVO, and can be 
used in ischemic patients with 









heart failure. 


W Unlike catecholamines, INOCOR 
does not significantly increase risk 











W Unlike catecholamines, INOCOR 
does not act on the beta receptors— 
may be effectively used in patients 


on beta blockers. 


of arrhythmias (see Precautions). 


Please consult full product information before prescribing. A summary tollows 
INOCOR lactate injection, brand of amrinone lactate, represents a new class of 
cardiac inotropic agents with vasodilator activity, distinct from digitalis 

lycosides or catecholamines 

DICATIONS AND USAGE (INOCOR lactate injection is indicated for the 

short-term Ui ey of congestive heart failure in patients who can be 
closely monitore 
diuretics, and/or vasodilators.) 

INOCOR lactate injection is indicated for the short-term management of 
congestive heart failure. Because of limited experience and potential for serious 
adverse effects (see ADVERSE REACTIONS), INOCOR should be used only in 
patients who can be closely monitored and who have not responded adequately 
to digitalis, diuretics, and/or vasodilators. Although most patients have been 
Studied hemodynamically for periods only up to 24 hours, some patients were 
Studied for longer periods and demonstrated consistent hemodynamic and 
Clinical effects. The duration of therapy should depend on patient 
responsiveness. 

CONTRAINDICATIONS INOCOR lactate injection is contraindicated in patients 
who are hypersensitive to it 

It is also contraindicated in those patients known to be hypersensitive to 
bisulfites. 
PRECAUTIONS General: INOCOR lactate injection should not be used in 
patients with severe aortic or pulmonic valvular disease in lieu of surgical relief 
of the obstruction. Like other inotropic agents, it may aggravate outflow tract 
obstruction in hypertrophic subaortic stenosis. 

During intravenous therapy with INOCOR lactate injection, blood pressure 
and heart rate should be monitored and the rate of infusion slowed or stopped in 
patients showing excessive decreases in blood pressure 


Patients who have received vigorous diuretic wt ay have insuffi- 
lactate injection, 


cient cardiac filling pressure to respond adequately to INOC 
in which case cautious liberalization of fluid and electrolyte intake may be 
indicated 

Supraventricular and ventricular arrhythmias have been observed in the 
very high-risk population treated. While amrinone per se has not been shown to 
be arrhythmogenic, the potential for arrhythmia, present in congestive heart 
failure itself, may be increased by any drug or combination of drugs 

Thrombocytopenia and hepatotoxicity have been noted (see ADVERSE 
REACTIONS). 
LABORATORY TESTS Fluid and electrolytes: Fluid and electrolyte changes 
and renal function should be carefully monitored during amrinone lactate 
therapy. Improvement in cardiac output with resultant diuresis may necessitate 
a reduction in the dose of diuretic. Potassium loss due to excessive diuresis 
May predispose digitalized patients to arrhythmias. Therefore, hypokalemia 
should be corrected by potassium supplementation in advance of or during 
amrinone use. 
DRUG INTERACTIONS In a relatively limited experience, no untoward clinical 
manifestations have been observed in patients in whom INOCOR lactate 





and who have not responded adequately to digitalis, 


injection was used concurrently with the following drugs: digitalis glycosides, 
lidocaine, quinidine, metoprolol, propranolol; hydralazine, prazosin, isosorbide 
dinitrate, nitroglycerine; chlorthalidone, ethacrynic acid, furosemide, hydrochlo- 
rothiazide, spironolactone, captopril, heparin, warfarin, potassium supple- 
ments, insulin, diazepam 

One case of excessive hypotension was reported when amrinone was 
used concurrently with disopyramide. 

Until additional experience is available, concurrent administration with 
Norpace® disopyramide should be undertaken with caution 
USE IN ACUTE MYOCARDIAL INFARCTION INOCOR is not recommended 
for use in acute myocardial infarction 
USE IN CHILDREN Safety and effectiveness in children have not been 
established 
USE IN PREGNANCY Pregnancy category C. In New Zealand white rabbits, 
amrinone has been shown to produce fetal skeletal and gross external 
malformations at oral doses of 16 mg/kg and 50 mg/kg that were toxic for the 
rabbit. Studies in French Hy/Cr rabbits using oral doses up to 32 mg/kg/day did 
not confirm this finding. No malformations were seen in rats receiving amrinone 
intravenously at the maximum dose used, 15 mg/kg/day (approximately the 
recommended daily IV dose for patients with congestive heart failure). There are 
no adequate and well-controlled studies in pregnant women. Amrinone should 
be used during pregnancy only if the potential benefit justifies the potential risk 
to the fetus 
USE IN NURSING MOTHERS Caution should be exercised when amrinone is 
administered to nursing women, since it is not known whether it is excreted in 
human milk 
ADVERSE REACTIONS Thrombocytopenia. Intravenous INOCOR lactate 
injection resulted in platelet count reductions to below 100,000/mmé in 2.4% of 
patients 
Gastrointestina! effects: Gastrointestinal adverse reactions reported with 
INOCOR lactate injection during clinical use included nausea (1.7%), vomiting 
(0.9%), abdominal pain (0.4%), and anorexia (0.4%) 
Cardiovascular effects. Cardiovascular adverse reactions reported with 
INOCOR lactate injection include arrhythmia (3%) and hypotension (1.3%) 
Hepatic toxicity: In dogs, at IV doses between 9 mg/kg/day and 32 mg/kg/day, 
amrinone showed dose-related hepatotoxicity manifested either as enzyme 
elevation or hepatic cell necrosis-or both. Hepatotoxicity has been observed in 
man following “ny bh oral dosing and has been observed, in a limited 
experience (0.2%), following IV administration of amrinone 
Hypersensitivity: There have been reports of several apparent hypersensitivity 
reactions in patients treated with oral amrinone for about two weeks. Signs and 
symptoms were variable but included pericarditis, pleuritis, and ascites (one 
Case); myositis with interstitial shadowing on chest x-ray and elevated 
sedimentation rate (one Case), and vasculitis with nodular pulmonary densities, 
hypoxemia, and jaundice (one case). The first patient died, not necessarily of 
the possible reaction, while the last two resolved with discontinuation of 


State-of-the-heart 


(AMIRINONE 


Dual-acting therapy, 


inocor |, 


WE INOCOR has not been shown to 
interact with anesthetic agents. 


therapy. None of the cases were rechallenged, so attribution to amrinone is nc 
certain, but possible hypersensitivity reactions should be considered in an 
patient maintained for a prolonged period on amrinone. 
General: Additional adverse reactions observed in intravenous amrinon 
Clinical studies include fever (0.9%), chest pain (0.2%), and burning at the site c 
ean ae 
OVERDOSAGE Doses of INOCOR lactate injection may produce hypotension 
because of its vasodilator effect. If this occurs, amrinone administration should 
be reduced or discontinued. No specific antidote is known, but genera 
measures for circulatory support should be taken. 
MANAGEMENT OF ADVERSE REACTIONS Platelet count reduction. 
Asymptomatic platelet count reduction (to less than 150,000/mm?) may b 
reversed within one week of a decrease in drug dosage. Further, with no chang 
in drug dosage, the count may stabilize at lower than predrug levels without an 
Clinical sequelae. Predrug platelet counts and frequent platelet counts during 
therapy are recommended to assist in decisions regarding dosage 
modifications. 

Should a platelet count less than 150,000/mm® occur, the following 
actions may be considered: 
e Maintain total daily dose unchanged, since in some Cases counts have either 

stabilized or returned to pretreatment levels 
e Decrease total daily dose 
e Discontinue amrinone if, in the clinical judgment of the physician, risk exceed 
the potential benefit. 

Gastrointestinal side effects: While gastrointestinal side effects were seen 
infrequently with IV therapy, should severe or debilitating ones occur, th 
physician may wish to reduce dosage or discontinue the drug based on th 
usual benefit-to-risk considerations. 
Hepatic toxicity: \n clinical experience to date with IV administration, hepate 
toxicity has rarely been observed. If acute marked alterations in liver enzyme 
occur together with clinical symptoms, suggesting an idiosyncratic hypersens 
tivity reaction, amrinone therapy should be promptly discontinued. 

if less than marked enzyme alterations occur without clinical symptoms 
these nonspecific changes should be evaluated on an individual basis. Th 
clinician may wish to continue amrinone and reduce the dosage or discontinus 
the drug based on the usual benefit-to-risk considerations. 
HOW SUPPLIED Ampuls of 20 mL sterile, clear yellow solution ati 
INOCOR 5 mg/mL, box of 5 (NDC 0024-0888-20). Each 1 mL contains INOCO 
lactate equivalent to 5-mg base and 0.25 mg sodium metabisulfite in water for 
injection 


1. Benotti JR, Grossman W, Braunwald E, et al: Effects of 
amrinone on myocardial energy metabolism and 
hemodynamics in patients with severe congestive heart 
failure due to coronary artery disease. Circulation 
1980:62:28-34. 
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Puzzle 


Introducing the PB254 Anesthesia Gas Monitor 


If you're puzzled about how to incorporate complete gas monitoring into your 
O.R., the PB254 Anesthesia Gas Monitor is the solution. It continuously monitors, 
on a breath-by-breath basis, key airway gases of CO} Oz N:O as well as 
anesthetic agents in one compact instrument. 

The PB254 Anesthesia Gas Monitor, utilizing advanced I.R. spec 
technology, has all the advantages available in a stand-alone monitor and 
none of the uncertainty associated with central processing mass spec 
systems. 

Complete gas monitoring has become the standard of care — the PB254 
Anesthesia Gas Monitor is the standard for excellence. Call 1-800-255-6773. 


HELPING YOU MANAGE RISK IN THE O.R. 


Distributor in western hemisphere 
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IARS MEMBERSHIP 
FOR YOUR IN-TRAINING AND CONTINUING MEDICAL EDUCATION 


The International Anesthesia Research Society is a non-profit, scientific and educational 
corporation of the State of Ohio, founded in 1922 “to foster progress and research in 
anesthesia.” To this end the Society 


Publishes the oldest journal in the specialty, Anesthesia and Analgesia 
Sponsors an annual scientific meeting (Congress) which is held in March each year 


Funds anesthesia-related research through the LARS B.B. Sankey Anesthesia 
Advancement Award 


Membership in the IARS is voluntary; it is also separate and distinct from membership in any 
other local, state, regional or national anesthesia organization or association. Membership is 
open to individuals who qualify in the various categories shown below; who complete the 
appropriate application and submit it to the IARS Cleveland office with the applicable dues. 
All memberships include a subscription to Anesthesia and Analgesia. Members and Associate 
Members are entitled to a reduced registration fee at the IARS annual meeting; Educational 
Members pay no registration fee. 


..» » MEMBERSHIP CATEGORIES .... 


MEMBERSHIP: Open to individuals with doctorate degrees, who are licensed to practice in 
the medical, osteopathic, dental or veterinary medicine fields (i.e., MD, MB, DO, DDS, DMD, 
DVM); and to individuals with doctorate degrees in any scientific discipline (PhD), who are 
engaged in academic, private or commercial research. 


ASSOCIATE MEMBERSHIP: Open to individuals in the allied health professions, duly 
certified by their professional accrediting organization as nurse anesthetists (CRNA); 
respiratory therapists or technicians (RRT or CRTT); physician/anesthesia assistants (PA/MMS); 
and other allied health professionals in anesthesia-related practice. 

Annual Dues for Members and Associate Members: $60.00 U.S.; $75.00 foreign. 

These memberships are entered on a calendar year basis only. 


EDUCATIONAL MEMBERSHIP: Open (with certification by program director) to doctors 
(interns/residents) enrolled in anesthesiology training programs; nurses enrolled in nurse 
anesthesia schools; students enrolled in programs leading to certification as physician 
assistants, respiratory therapists or technicians 
Annual Dues for Educational Members: One-half of member rate. These memberships are 
entered in January or July for 2, 3, or 4 year periods. Applications, certified by program 
directors, must accompany check to cover full membership period. 
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International Anesthesia Research Society 
3645 Warrensville Center Road, Cleveland, Ohio 44122, USA 
Please send me application(s) for: Membership (____) 
Associate Membership (_____.) 
Educational Membership (____) 





Please print clearly: 
es y Name and Degree (MD, DO, CRNA, RN, RRT, etc.) 


Street Address City, State, Zip Code (country) 





See for yourself. 


The only surgical muscle relaxant 
free of clinically significant 
cardiovascular and histamine- 
related side effects... 


ideal for your patients, including 
those at risk.” 








See the safety for yourself. 


Free of clinically significant cardiovascular effects.” 


NORCURONS? is the only surgical muscle relaxant for which no clinically significant cardiovascular effects 
were observed in clinical trials.“ In fact, even at 12 times effective doses, under halothane anesthesia, ! 
NORCURON® produced no tachycardia, hypotension, or abnormalities of cardiodynamic function. 


1154 Cardiovascular Response to Norcuron® (vecuronium bromide) 


* CO-cardiac output 
110 at12 Times the ED,, HR-heart rate 


105 PMAP-pulmonary mean arterial 
pressure 
PCWP-pulmonary capillary 

wedge pressure 

95 SMAP-systemic mean arterial 
pressure 

90 SVR-systemic vascular 
resistance 

85 


% of Control 


2 5 
* Adapted from Morris et al.’ Minutes After Administration 





Histamine release or histamine-related side effects 
unlikely to occur...even at 3.5 times the ED,,.° 


NORCURON® has not been shown to significantly affect circulating histamine, mean arterial blood 
pressure, and heart rate even in doses at the upper extreme of the recommended clinical range. 


The Effect of Nondepolarizing Muscle Relaxants* Percent of Control 


Drug Dose XEDg; Histamine Mean Arterial Heart Rate 
(mg/kg) Pressure 
Tubocurarine 0.5 Sie 7 


Metocurine 0.57 


Atracurium 0.67 


Vecuronium 0.1 
Vecuronium 0.2 


* Adapted from Basta et al.5 
+0.1 mg/kg higher than recommended dose. 








Performance unaffected by renal function.‘ 


Despite administration of high doses of NORCURON®, no significant differences in onset 
time, duration of action, or recovery index have been noted between patients with and 
without renal function.° 


Comparative Indices of Neuromuscular Blockade for Patients With and Without Renal Function 
Given Equal Doses (0.14 mg/kg)* of NORCURON® (vecuronium bromide) by Bolus Injectiont 








Onset (min) 





Duration of time (min) [| 
to 90% recovery 
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Recovery index (min) 









28.7 + 22.7 





@ Normal Renal Function = No Renal Function 


* Although high doses of NORCURON® were used to assess its pharmacokinetics, it is recommended that the initial dose not exceed 0.08 to 0.1 mg/kg. 


t Adapted from Miller et al.® 


The surgical muscle relaxant 
ideal for virtually all patients 
including those at risk. 


Norcuron: 


vecuronium bromide) injection 


See full prescnbing information on following page. 





References: 1. Morris RB, et al: The cardiovascular effects of vecuronium vecuronium in cardiac surgical patients. Anesthesiology 1984; 61:A63. 5. Basta 
(ORG NC 45) and pancuronium in patients undergoing coronary artery bypass SJ, et al: Vecuronium does not alter serum histamine within the clinical dose 
grafting. Anesthesiology 1983; 58:438-440. 2. Durant NN: Norcuron®—a new range. Anesthesiology 1983; 59:A273. 6. Miller RD, et al: Pharmacokinetics of 
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Norcuron (vecuronium bromide) injection 
THIS DRUG SHOULD BE ADMINISTERED BY ADEQUATELY TRAINED INDIVIDUALS FAMILIAR WITH ITS 
ACTIONS, CHARACTERISTICS, AND HAZARDS. 


DESCRIPTION: NORCURON® (vecuronium bromide) injection is a nondepolarizing neuromuscular blocking agent of 
intermediate duration, chemically designated as piperidinium, 1-[(2B 3a, 5a, 16B, 17B)-3, 17-bis(acetyloxy)-2-(1- 
piperidinyl)androstan-16-yl]-1-methyl-, bromide. 

Norcuron® is supplied as a sterile nonpyrogenic freeze-dried buffered cake of very fine microscopic crystalline par- 
ticles for intravenous injection only. Following reconstitution with solvent (water for injection) the resultant solution is iso- 
tonic and has a pH of 4. Each 5 mi vial contains 10 mg vecuronium bromide. Each vial also contains citric acid, dibasic 
sodium phosphate, sodium hydroxide, and/or phosphoric acid to buffer and adjust pH and mannitol to make isotonic. 
CLINICAL MACOLOGY: Norcuron® (vecuronium bromide) injection is a nondepolarizing neuromuscular 
blocking agent possessing all of the characteristic pharmacological actions of this class of drugs (curariform). It acts by 
competing for cholinergic receptors at the motor end-plate. The antagonism to acetylcholine is inhibited and 
neuromuscular block is reversed by acetylcholinesterase inhibitors such as neostigmine, edrophonium, and 
pyridostigmine. Norcuron® is about ¥3 more potent than pancuronium; the duration of neuromuscular blockade 
produced by Norcuron® is shorter than that of pancuronium at initially equipotent doses. The time to onset of paralysis 
decreases and the duration of maximum effect increases with increasing Norcuron® doses. The use of a peripheral 
nerve stimulator is of benefit in os the degree of muscular relaxation. 

The EDgq (dose required to produce 90% suppression of the muscle twitch response with balanced anesthesia) has 
averaged 0.057 mg/kg (0.049 to 0.062 mg/kg in various studies). An initial Norcuron® dose of 0.08 to 0.10 mg/kg 
groay produces first depression of twitch in approximately 1 minute, good or excellent intubation conditions within 

.5 to 3.0 minutes, and maximum neuromuscular blockade within 3 to 5 minutes of injection in most patients. Under 
balanced anesthesia, the time to recovery to 25% of control (clinical duration) is approximately 25 to 40 minutes after 
injection and recovery is usually 95% complete approximately 45-65 minutes after injection of intubating dose. The 
neuromuscular blocking action of Norcuron® is slightly enhanced in the presence of potent inhalation anesthetics. If 
Norcuron® is first administered more than 5 minutes after the start of the inhalation of enflurane, isoflurane, or 
halothane, or when steady state has been achieved, the intubating dose of Norcuron® may be decreased by 
approximately 15% (see DOSAGE AND ADMINISTRATION section). Prior administration of succinylcholine may 
enhance the neuromuscular blocking effect of Norcuron® and its duration of action. With succinylcholine as the 
intubating agent, initial doses of 0.04-0.06 mg/kg of Norcuron® will produce complete neuromuscular block with 
clinical duration of action of 25-30 minutes. If succinyleholine is used prior to Norcuron®, the administration of 
Norcuron® should be delayed until the patient starts recovering from succinylcholine-induced neuromuscular 
blockade. The effect of prior use of other nondepolarizing neuromuscular blocking agents on the activity of Norcuron® 
has not been studied (see Drug Interactions). 

Repeated administration of maintenance doses of Norcuron® has little or no cumulative effect on the duration of 
neuromuscular blockade. Therefore, repeat doses can be administered at relatively regular intervals with predictable 
results. After an initial dose of 0.08 to 0.10 mg/kg under balanced anesthesia, the first maintenance dose (suggested 
maintenance dose is 0.010 to 0.015 mg/kg) is generally required within 25 to 40 minutes; subsequent maintenance 
doses, if required, may be administered at approximately 12 to 15 minute intervals. Halothane anesthesia increases the 
Clinical duration of the maintenance dose only slightly. Under enflurane a maintenance dose of 0.010 mg/kg is 
approximately equal to 0.015 mg/kg dose under balanced anesthesia. 

The recovery index (time from 25% to 75% recovery) is approximately 15-25 minutes under balanced or halothane 

anesthesia. When recovery from Norcuron® neuromuscular blocking effect begins, it proceeds more rapidly than 
recovery from pancuronium. Once spontaneous recovery has started, the neuromuscular block produced by 
Norcuron® is readily reversed with various anticholinesterase agents, e.g. pyridostigmine, neostigmine, or 
edrophonium in conjunction with an anticholinergic agent such as atropine or glycopyrrolate. There have been ro 
reports of recurarization following satisfactory reversal of Norcuron® induced neuromuscular blockade; rapid recovery 
is a finding consistent with its short elimination half-life. 
Pharmacokinetics: At clinical doses of 0.04-0.10 mg/kg, 60-80% of Norcuron® is 
usually bound to plasma protein. The distribution half-life following a single intravenous 
dose (range 0.025-0.280 mg/kg) is approximately 4 minutes. Elimination half-life over this 
same dosage range is approximately 65-75 minutes in healthy surgical patients and in renal 
failure patients undergoing transplant surgery. In late pregnancy, elimination half-life may 
be shortened to approximately 35-40 minutes. The volume of distribution at steady state is 
approximately 300-400 ml/kg; systemic rate of clearance is approximately 3-4.5 
ml/minute/kg. In man, urine recovery of Norcuron® varies from 3-35% within 24 hours. 
Data derived from patients requiring insertion of a T-tube in the common bile duct suggests 
that 25-50% of a total intravenous dose of vecuronium may be excreted in bile within 42 
hours. Only unchanged Norcuron® (vecuronium bromide) injection has been detected in 
human plasma — clinical use. One metabolite, 3-deacety! vecuronium, has been 
recovered in the urine of some patients in quantities that account for up to 10% of injected 
dose; 3-deacety! vecuronium has also been recovered by T-tube in some patients account- 
ing for up to 25% of the injected dose. 

This metabolite has been judged by animal screening (dogs and cats) to have 50% or 
more of the potency of Norcuron®; equipotent doses are of approximately the same duration 
as Norcuron® in dogs and cats. Biliary excretion accounts for about half the dose of 
Norcuron® within 7 hours in the anesthetized rat. Circulatory bypass of the liver (cat preparation) prolongs recovery 
from Norcuron®. Limited data derived from patients with cirrhosis or cholestasis suggests that some measurements of 
recovery may be doubled in such patients. In patients with renal failure, measurements of recovery do not differ 
significantly from similar measurements in healthy patients. 

Studies involving routine hemodynamic monitoring in good risk surgical patients reveal that the administration of 
Norcuron® in doses up to three times that needed to produce clinical relaxation (0.15 mg/kg) did not produce clinically 
significant changes in systolic, diastolic or mean arterial pressure. The heart rate, under similar monitoring, remained 
unchanged in some studies and was lowered by a mean of up to 8% in other studies. A large dose of 0.28 mg/kg 
administered during a period of no stimulation, while patients were being prepared for coronary artery bypass grafting, 
was not associated with alterations in rate-pressure-product or pulmonary capillary wedge pressure. Systemic vascular 
resistance was lowered slightly and cardiac output was increased insignificantly. (The drug has not been studied in 
patients with hemodynamic dysfunction secondary to cardiac valvular disease). Limited clinical experience (3 patients) 
with use of Norcuron® during surgery for pheochromocytoma has shown that administration of this drug is not 
associated with changes in blood pressure or heart rate. 

Unlike other nondepolarizing skeletal muscle relaxants, Norcuron® has no clinically significant effects on 
hemodynamic parameters and will not counteract those hemodynamic changes or known side effects produced by or 
associated with anesthetic agents. 

Preliminary data on histamine assay in 16 patients and available clinical experience in more than 600 patients 
indicate that hypersensitivity reactions such as bronchospasm, flushing, redness, hypotension, tachycardia, and other 
reactions commonly associated with histamine release are unlikely to occur. 

INDICATIONS AND USAGE: Norcuron® is indicated as an adjunct to general anesthesia, to facilitate endotracheal 
intubation and to provide skeletal muscle relaxation during surgery or mechanical ventilation. 
CONTRAINDICATIONS: None known. 

WARNINGS: NORCURON® SHOULD BE ADMINISTERED IN CAREFULLY ADJUSTED DOSAGE BY OR UNDER THE 
SUPERVISION OF EXPERIENCED CLINICIANS WHO ARE FAMILIAR WITH ITS ACTIONS AND THE POSSIBLE 
COMPLICATIONS THAT MIGHT OCCUR FOLLOWING ITS USE. THE DRUG SHOULD NOT BE ADMINISTERED UNLESS 
FACILITIES FOR INTUBATION, ARTIFICIAL RESPIRATION, OXYGEN THERAPY, AND REVERSAL AGENTS ARE IM- 
MEDIATELY AVAILABLE. THE CLINICIAN MUST BE PREPARED TO ASSIST OR CONTROL RESPIRATION. In patients 
who are known to have myasthenia gravis or the myasthenic (Eaton-Lambert) syndrome, smal! doses of Norcuron® may 
have profound effects. In such patients, a peripheral nerve stimulator and use of a small test dose may be of value in 
monitoring the response to administration of muscle relaxants. 

PRE ONS: Renal Failure: Norcuron® is well-tolerated without clinically significant prolongation of neuro- 
muscular blocking effect in patients with renal failure who have been optimally prepared for surgery by dialysis. Under 
emergency conditions in anephric patients some prolongation of neuromuscular blockade may occur; therefore, if 
anephric patients cannot be prepared for non-elective surgery, a lower initial dose of Norcuron® should be considered. 
Altered Circulation Time: Conditions associated with slower circulation time in cardiovascular disease, old age, 
edematous states resulting in increased volume of distribution may contribute to a delay in onset time; therefore dosage 
should not be increased. 
Hepatic Disease: Limited experience in patients with cirrhosis or cholestasis has revealed prolonged recovery time 
in keeping with the role the liver plays in Norcuron® metabolism and excretion (see Pharmacokinetics). Data currently 
available do not permit dosage recommendations in patients with impaired liver function. 

UNDER THE ABOVE CONDITIONS, USE OF A PERIPHERAL NERVE STIMULATOR FOR ADEQUATE MONITORING OF 
NEUROMUSCULAR BLOCKING EFFECT WILL PRECLUDE INADVERTANT EXCESS DOSING 
Severe Obesity or Neuromuscular Disease: Patients with severe obesity or neuromuscular disease may pose 
airway and/or ventilatory problems requiring special care before, during and after the use of neuromuscular blocking 

ts such as Norcuron® ree 

alignant Hyperthermia: Many drugs used in anesthetic practice are suspected of being capable of triggering a 
potentially fatal hypermetabolism of skeletal muscle known as malignant hyperthermia. There are insufficient data 
derived from screening in susceptible animals (swine) to establish whether or not Norcuron® is capable of triggering 
malignant hyperthermia. SaaS oe 


.. 


NO 
REFRIGERATION 


REQUIRED 





Drug Interactions: Prior administration of succinylcholine may enhance the neuromuscular blocking effect of 
Norcuron® (vecuronium bromide) injection and its duration of action. If succinylcholine is used before Norcuron®, the 
administration of Norcuron® should be delayed until the succinylcholine effect shows signs of wearing off. With 
Succinylcholine as the intubating agent, initial doses of 0.04-0.06 mg/kg of Norcuron® may be administered to produce 
complete neuromuscular block with clinical duration of action of 25-30 minutes (see CLINICAL PHARMACOLOGY). The 
use of Norcuron® before succinylcholine, in order to attenuate some of the side effects of succinylcholine, has not been 
sufficiently studied. 

Other nondepolarizing neuromuscular blocking agents (pancuronium, d-tubocurarine, metocurine, and gallamine) 
act in the same fashion as does Norcuron®; therefore these drugs and Norcuron® may manifest an additive effect when 
used together. There are insufficient data to support concomitant use of Norcuron® and other competitive muscle 
relaxants in the same patient. 
inhalational Anesthetics: Use of volatile inhalational anesthetics such as enflurane, isoflurane, and halothane with 
Norcuron® will enhance neuromuscular blockade. Potentiation is most prominent with use of enflurane and isoflurane. 
With the above agents the initial dose of Norcuron® may be the same as with balanced anesthesia unless the inhalational 
anesthetic has been administered for a sufficient time at a sufficient dose to have reached clinical equilibrium (see 
CLINICAL PHARMACOLOGY). 

Antibiotics: Parenteral/intraperitoneal administration of high doses of certain antibiotics may intensity or produce neuro- 
muscular block on their own. The following antibiotics have been associated with various degrees of paralysis: aminoglyco- 
sides (such as neomycin, streptomycin, kanamycin, gentamicin, and dihydrostreptomycin); tetracyclines; bacitracin: 
polymyxin B; colistin; and sodium colistimethate. If these or other newly introduced antibiotics are used in conjunction 
with Norcuron® during surgery, unexpected prolongation of neuromuscular block should be considered a possibility. 
Other: Experience concerning injection of quinidine during recovery from use of other muscle relaxants suggests that 
recurrent paralysis may occur. This possibility must also be considered for Norcuron®. Norcuron® induced 
neuromuscular blockade has been counteracted by alkalosis and enhanced by acidosis in experimental animals (cat). 
Electrolyte imbalance and diseases which lead to electrolyte imbalance, such as adrenal cortical insufficiency, have been 
shown to alter neuromuscular blockade. Depending on the nature of the imbalance, either enhancement or inhibition 
may be expected. Magnesium salts, administered for the management of toxemia of pregnancy, may enhance the 
neuromuscular blockade. 

Drug/Laboratory Test Interactions: None known. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term studies in animals have not been performed 
to evaluate carcinogenic or mutagenic potential or impairment of fertility. 

Pregnancy: Pregnancy Category C: Animal reproduction studies have not been conducted with Norcuron®. It is also 
not known whether Norcuron® can cause fetal harm when administered to a pregnant woman or can affect reproduction 
capacity. Norcuron® should be given to a pregnant woman only if clearly needed 

Pediatric Use: Infants under 1 year of age but older than 7 weeks, also tested under halothane anesthesia, are 
moderately more sensitive to Norcuron® on a mg/kg basis than adults and take about 1/2 times as long to recover. 
Information presently available does not permit recommendations for usage in neonates. 

ADVERSE REACTIONS: Norcuron® was well-tolerated and produced no adverse reactions during extensive clinical 
trials. The most frequent adverse reaction to nondepolarizing blocking agents as a class consists of an extension of the 
drug's pharmacological action beyond the time period needed for surgery and anesthesia. This may vary from skeletal 
muscle weakness to profound and prolonged skeletal muscle paralysis resulting in respiratory insufficiency or apnea. 

Inadequate reversal of the neuromuscular blockade, although not yet reported, is possible with Norcuron® as with all 
curariform drugs. These adverse reactions are managed by manual or mechanical ventilation until recovery is judged 
adequate. Little or no increase in intensity of blockade or duration of action of Norcuron® is noted from the use of 
thiobarbiturates, narcotic analgesics, nitrous oxide, or droperidol. See OVERDOSAGE for discussion of other drugs 
used in anesthetic practice which also cause respiratory depression. 

OVERDOSAGE: There has been no experience with Norcuron® overdosage. The possibility of iatrogenic overdosage 
can be minimized by carefully monitoring muscle twitch response to peripheral nerve stimulation. 

Excessive doses of Norcuron® can be expected to produce enhanced pharmacological effects. Residual 
neuromuscular blockade beyond the time period needed for surgery and anesthesia may occur with Norcuron® as with 
other neuromuscular blockers. This may be manifested by skeletal muscle weakness, decreased respiratory reserve, 
low tidal volume, or apnea. A peripheral nerve stimulator may be used to assess the degree 
of residual neuromuscular blockade and help to differentiate residual neuromuscular 
blockade from other causes of decreased respiratory reserve. 

Respiratory depression may be due either wholly or in part to other drugs used during the 

conduct of general anesthesia such as narcotics, thiobarbiturates and other central nervous 
system depressants. Under such circumstances the primary treatment is maintenance of a 
patent airway and manual or mechanical ventilation until complete recovery of normal 
respiration is assured. Regonol® (pyridostigmine bromide injection), neostigmine, or 
edrophonium, in conjunction with atropine or yf ee! Mice will usually antagonize the 
skeletal muscle relaxant action of Norcuron®. Satisfactory reversal can be judged by 
adequacy of skeletal muscle tone and by adequacy of respiration. A peripheral nerve 
stimulator may also be used to monitor restoration of twitch height. Failure of prompt 
reversal (within 30 minutes) may occur in the presence of extreme debilitation, car- 
cinomatosis, and with concomitant use of certain broad spectrum antibiotics, or anesthetic 
agents and other drugs which enhance neuromuscular blockade or cause respiratory 
depression of their own. Under such circumstances the management is the same as that of 
prolonged neuromuscular blockade. Ventilation must be supported by artificial means until 
the patient has resumed control of his respiration. Prior to the use of reversal agents, 
reference should be made to the specific package insert of the reversal agent. 
DOSAGE AND ADMINISTRATION: Norcuron® (vecuronium bromide) injection is for intravenous use only. This 
drug should be administered by or under the supervision of experienced clinicians familiar with the use of 
neuromuscular blocking agents. Dosage must be individualized in each case. The dosage information which follows is 
derived from studies based upon units of drug per unit of body weight and is intended to serve as a guide only, 
especially regarding enhancement of neuromuscular blockade of Norcuron® by volatile anesthetics and by prior use of 
succinylcholine (see PRECAUTIONS/Drug Interactions). Parenteral drug products should be inspected visually for 
particulate matter and discoloration prior to administration, whenever solution and container permit 

To obtain maximum clinical benefits of Norcuron® and to minimize the possibility of overdosage, the monitoring of 
muscle twitch response to peripheral nerve stimulation is advised 

The recommended initial dose of Norcuron® is 0.08 to 0.10 mg/kg (1.4 to 1.75 times the EDgo) given as an 
intravenous bolus injection. This dose can be expected to produce good or excellent non-emergency intubation 
conditions in 2.5 to 3.0 minutes after injection. Under balanced anesthesia, clinically required neuromuscular blockade 
lasts approximately 25-30 minutes, with recovery to 25% of contro! achieved approximately 25 to 40 minutes after 
injection and recovery to 95% of control achieved approximately 45-65 minutes after injection. In the presence of potent 
inhalation anesthetics, the neuromuscular blocking effect of Norcuron® is enhanced. If Norcuron® is first administered 
more than 5 minutes after the start of inhalation agent or when steady state has been achieved, the initial Norcuron® 
dose may be reduced by approximately 15%, i.e., 0.060 to 0.085 mg/kg. 

Prior administration of succinylcholine may enhance the neuromuscular blocking effect and duration of action of 
Norcuron®. If intubation is performed using succinyicholine, a reduction of initial dose of Norcuron® to 0.04-0.06 
mg/kg with inhalation anesthesia and 0.05-0.06 mg/kg with balanced anesthesia may be required 

During prolonged surgical procedures, maintenance doses of 0.010 to 0.015 mg/kg of Norcuron® are recommended: 
after the initial Norcuron® injection, the first maintenance dose will generally be required within 25 to 40 minutes. However, 
Clinical criteria should be used to determine the need for maintenance doses. Since Norcuron® lacks clinically 
important cumulative effects, subsequent maintenance doses, if required, may be administered at relatively regular 
intervals for each patient, ranging approximately from 12 to 15 minutes under balanced anesthesia, slightly longer under 
inhalation agents. (If less frequent administration is desired, higher maintenance doses may be administered.) 

Should there be reason for the selection of larger doses in individual patients, initial doses ranging from 0.15 mg/kg 
up to 0.28 mg/kg have been administered during surgery under halothane anesthesia without ill effects to the 
cardiovascular system being noted as long as ventilation is properly maintained (see CLINICAL PHARMACOLOGY). 
Dosage in Children: Older children (10 to 17 years of age) have approximately the same dosage requirements 
(mg/kg) as adults and may be managed the same way. Younger children (1 to 10 years of age) may require a slightly 
higher initial dose and may also require supplementation slightly more often than adults. Infants under one year of age 
but older than 7 weeks are moderately more sensitive to Norcuron® on a mg/kg basis than adults and take about 1⁄2 
times as long to recover. See also subsection of PRECAUTIONS titled Pediatric Use. Information presently available 
does not permit recommendation on usage in neonates (see PRECAUTIONS). 

COMPATIBILITY: Norcuron® is compatible in solution with: 

0.9% NaCl solution 5% glucose in saline 
5% glucose in water Lactated Ringer's 
HOW SUPPLIED: 5 ml vials (contains 10 mg of active ingredient) and 5 mI ampul of preservative-free sterile water for 
injection as the diluent. Boxes of 10 (NDC#0052-0442-17). 

5 ml vials (contains 10 mg of active ingredient) only. DILUENT (Sterile Water for Injection, USP) NOT SUPPLIED. 
Boxes of 10 (NDC#0052-0442-57). 

STORAGE: PROTECT FROM LIGHT. Store at 15°-30°C (59°-86°F) 

AFTER RECONSTITUTION: Solution may be stored in refrigerator or kept at room temperature not to exceed 30°C 
(86°F). DISCARD SOLUTION AFTER 24 HOURS. DISCARD UNUSED PORTION. SINGLE USE VIALS. 
Manufactured for ORGANON INC. by BEN VENUE LABORATORIES, INC., Bedford, OH 44146 ISSUED 5/86 
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As safe 

as albumin or PPF 

In comparative clinical studies, platelet 
counts, hematocrits, serum fibrinogen 
levels, prothrombin times (PT), and 
partial thromboplastin times (PTT) 
seen with Hespan were comparable to 
those seen with albumin or plasma 
protein fraction (PPF). 

Other studies demonstrate that 
when any reduction in platelet count 
or prolongation of PT or PTT does 
occur with Hespan, no increased 
bleeding results, even in patients with 
multiple trauma.’ ° As with any volume 
expander, patients should be moni- 
tored for excessive hemodilution of 
coagulant factors or circulatory over- 
load when large volumes are 
administered. 

When Hespan-treated patients 
were monitored to detect localized or 


systemic sepsis, there was no evil- 
dence of a decrease in their ability to 
ward off infection or combat an estab- 
lished infection.” 

Hespan is nonantigenic and, as 
with blood-derived colloids, any risk of 
allergic reaction is minimal. Hespan 
also has a negligible effect on sub- 
sequent blood typing or cross- 
matching. ' 


As effective 


as albumin or PPF 
Comparative clinical studies have 
repeatedly demonstrated that Hespan 
is as effective as albumin or PPF in 
postoperative myocardial revasculari- 
zation,’ > and hemorrhagic, traumatic, 
or septic shock.*?” 





Du Pont Critical Care, Inc. 


No significant differences between 
Hespan and albumin or PPF were 
noted in any efficacy parameter.’ >’ 
Hespan effectively maintained colloid 
osmotic pressure, restored plasma vol- 
ume, and improved cardiac output 
and renal function in hypovolemic 
patients! >’ And, the volume-expanding 
effect of a single infusion of Hespan 
can persist for 24 hours or longer. 


Half the price 
of albumin or PPF 


Hespan offers a potential savings to 
your hospital of tens of thousands of 
dollars a year. 


For additional information, contact 
the Medical Services Department, 
Du Pont Critical Care, 1600 Waukegan 
Road, Waukegan, IL 60085. Phone 


1-800-323-4980. 
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Lifesaving, 
moneysaving 








Please see references and brief summary of 
prescribing information on following page. 


References: 1 Diehl JT, Lester JL, Cosgrove DM: Clinical 
comparison of hetastarch and albumin in postoperative 
cardiac patients. Ann Thorac Surg 34 (6):674-679, 1982. 

2. Moggio RA, Rha CC, Somberg ED, et al: Hemodynamic 
comparison of albumin and hydroxyethyl starch in postop- 
erative Cardiac surgery patients. Crit Care Med 11 (12):¢43- 
945, 1983. 3. Kirklin JK, Lell WA, Kouchoukos NT: Hydroxy- 
ethyl starch versus albumin for colloid infusion following 
cardiopulmonary bypass in patients undergoing myocardial 
revascularization. Ann Thorac Surg 37 (1):40-46, 1984. 
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resuscitation of patients with hypovolemia and shock. Crit 
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circulatory shock: A comparison of the cardiorespiratory é 
effects of albumin, hetastarch, and saline solutions in 


patients with hypovolemic and septic shock. Crit Care Med 
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HESPAN (hetastarch) 


6% Hetastarch in 0.9% Sodium Chloride 
Injection 

CONTRAINDICATIONS 

Hetastarch is contraindicated in patients with severe 
bleeding disorders or with severe congestive cardiac and 
renal failure with oliguria or anuria. 

WARNINGS 

Large volumes may alter the coagulation mechanism. Thus, 
administration of hetastarch may result in transient prolon- 
gation of prothrombin, partial taromboplastin and clotting 
times. With administration of large doses, the physician 
should also be alert to the possibility of transient prolonga- 
tion of bleeding time. 

Hematocrit may be decreased and plasma proteins diluted 
excessively by administration cf large volumes of 
hetastarch. 

Usage in Leukapheresis: Significant declines in platelet 
counts and hemoglobin levels have been observed in 
donors undergoing repeated le ukapheresis procedures due 
to the volume expanding effects of hetastarch. Hemoglobin 
levels usually return to normal within 24 hours. Hemodilu- 
tion by hetastarch and saline may also result in 24 hour 
declines of total protein, albumin, calcium and fibrinogen 
values. 

Usage in Pregnancy: Reproduction studies have been 
done in mice with no evidence of fetal damage. Relevance 
to humans is not known since hetastarch has not been 
given to pregnant women. Therefore, it should not be used 
in pregnant women, particularly during early pregnancy, 
unless in the judgment of the physician the potential bene- 
fits outweigh the potential hazards. 

Usage in Children: No data available pertaining to use in 
children. 

The safety and compatibility of additives have not been 
established. 

PRECAUTIONS 

The possibility of circulatory overload should be kept in 
mind. Special care should be exercised in patients who 
have impaired renal clearance since this is the principal 
way in which hetastarch is eliminated. Caution should be 
used when the risk of pulmonary edema and/or congestive 
heart failure is increased. Indirect bilirubin levels of 

0.83 mg% (normal 0.0-0.7 mg%) have been reported in e be o 

2 out of 20 normal subjects who received multiple heta- niversit ICro l ms 
starch infusions. Total bilirubin was within normal limits et 

all times; indirect bilirubin returned to normal by 96 hours ° 

following the final infusion. The significance, if any, of these 

elevations is not known; however, caution should be Internat ional 

observed before administering hetastarch to patients with 

a history of liver disease. 

Regular and frequent clinical evaluation and laboratory 

determinations are necessary for proper monitoring of 

hetastarch use during leukapheresis. Studies should ce ce ‘ tional inf atio 

include CBC, total leukocyte and platelet counts, leukocyte Please send additional information 
differential count, hemoglobin, 1ematocrit, prothrombin 











time (PT), and partial thromboplastin time (PTT). lor EEPL Gublicanions 
Hetastarch is nonantigenic. However, allergic or sensitivity N 
reactions have been reported (see ADVERSE REACTIONS). ame 
If such reactions occur, they are readily controlled by dis- ns 5, 
continuation of the drug and, if necessary, administration of CG) = a 
an antihistaminic agent. 
ADVERSE REACTIONS Street 
The following have been reportad: vomiting, mild tempera- 
ture elevation, chills, itching, submaxillary and parotid glan- City 
dular enlargement, mild influenza-like symptoms, head- 
aches, muscle pains, peripheral edema of the lower Stat Zi 
extremities, and anaphylactoid reactions consisting of peri- ale—— ~~~ ZIP 
orbital edema, ee and wheezing. 
HOW SUPPLIE 
NDC 0094-0037-05-Hespan’* (6% Hetastarch in 0.9% 300 North Zeeb Road 
Sodium Chloride Injection) is supplied sterile and nonpyro- 
genic in 500 ml intravenous infusion bottles. Dept. PR: 
CAUTION : 
Federal (U.S.A.) law prohibits dispensing without pre- Ann Arbor, Mi. 48106 
scription. Rev: Feb., 1982 
Distribuʻed by 


DuPont Critical Care, Inc. 


Subsidiary of Du Pont Company 
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This course will focus on the practical management of pediatric anesthesia patients. It is designed for 
physicians who anesthetize children either daily or occasionally. Emphasis will be placed on topics of 
current interest. The format of the course will include lectures, videotapes, posters, equipment exhibits, 
slides, and panel discussions. The Saturday luncheon panel will feature a discussion of problem cases; 
audience participation is encouraged. 


A special two-hour session with six workshops will allow close interaction with the faculty regarding 
fiberoptic bronchoscopy, new monitoring devices, invasive monitoring, malignant hyperthermia. Posters 
and videotapes will also be displayed. 


Our Visiting Professor is Dr. Frederic A. Berry, Professor of Anesthesiology and Pediatrics, Children’s 
Medical Center, University of Virginia, Charlottesville, Virginia. 


The meeting comprises three half-day teaching sessions, allowing participants and their guest to take 
advantage of a variety of social, cultural, athletic, and shopping activities. The program is approved for 15 
credit hours in category 1 of the Physician’s Recognition Award of the AMA. Application has been submitted 
to the American Association of Nurse Anesthetists for continuing education credits to be awarded to nurse 
anesthetists completing this course. 


For further details please contact Harvard Medical School, Department of Continuing Education, Boston 
MA 02115 (617-732-1525, M — F, 10 am — 4 pm Eastern Time). 


Course Directors: Drs. Charles J. Cote’, Letty M. P. Liu, Nishan G. Goudsouzian, and John F. Ryan, 
Department of Anesthesia, Massachusetts General Hospital, Boston, Massachusetts 02114. 





_ . == | MAY 24-27, 1987, RAI CONGRESS CENTRE, AMSTERDAM, THE NETHERLANDS 
- Medical Imaging and Visual Documentation techniques are 
e becoming increasingly sophisticated, giving physicians invaluable 
a diagnostic tools, for examining virtually every area of human 
physiology and pathology. But this growth in scope and scale makes 
it increasingly difficult for physicians to keep abreast of all the latest 
developments. In response to this clear and clearly expressed need, 
the International Society for Photoscopy is organizing DOCUMED 
EUROPE '87, the first European conference on imaging technology 
and visual documentation in medicine. 


DOCHMED ST DOCUMED EUROPE '87 will be held at the RAI Congress 
= i Centre in Amsterdam, The Netherlands, from May 24-27, 1987. 


. A comprehensive range of topics will be covered in the plenary 
Pe and sessions and in minisymposia, seminars and workshops. 


Running concurrently with the conference, VIDIMED '87 will be 
. = : the first international exhibition devoted exclusively to the hardware 
| / 157 al 1)” UMEN tat ON and software of imaging technology and visual documentation in 






medicine. 


li] dic Ine For full details on participation in DOCUMED EUROPE '87 and 
VIDIMED '87, please contact: 


p Organisatie Bureau Amsterdam bv 
E Europaplein 12,1078 GZ Amsterdam, The Netherlands 
(erizd by "Te [nternational acai Jot Pep. Tel: (31)20-44 0807, Telex: 13499 raico nl 





The recognized authority on mounting 
and evaluating clinical trials 


Controlled 
Clinical Trials 


Clinical Trials 


DEMON, METHODS, AND ANALIS 
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Design, Methods, and Analysis 


Official Journal of the Society for Clinical Trials 





Editor-in-Chief 

Curtis L. Meinert 
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Johns Hopkins School of Hygiene and Public Health 
Baltimore, Maryland 
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Controlled Clinical Trials is a respected and valuable 
source of information for clinicians and statisticians 
involved in mounting and monitoring clinical trials and 
long-term follow-up studies. Its articles focus on design 
features or organizational structures that have contrib- 
uted to the success of other studies — from short-term, 
small-scale trials to long-term multicenter investiga- 
tions — and can be beneficially applied to similar 
projects. 


Controlled Clinical Trials offers proven methods for: 


a calculating sample size for long-term trials 
a determining patient compliance in ongoing trials 


# monitoring clinical trials for adverse or beneficial 
effects 
® assessing costs 


Recognizing the importance of effective data manage- 
ment, Controlled Clinical Trials features articles on 
the critical design and operating components of data 
processing systems that are used for maintaining a 
long-term data base, and quality assurance methods 
for error detection in data generation and processing 
procedures. 


C 


1987 Subscription Information 
Volume 8 (4 issues) 

Institutional Rate: $120.00 
Personal Rate: $60.00 


For postage and handling outside the Urited 
states, add $14.00 


Sample copies are available upon request. 
ISSN 0197-2456 


Controlled Clinical Trials is abstracted/indexed in: 
Biological Abstracts, Current Contents/Life Sciences, 
Excerpta Medica, and Index Medicus. 





For sample copies. send to 

In North and South America: 
Elsevier Science Publishing Co.. Inc 
PO. Box 1663 

Grand Central Station 

New York. NY 10163-1663 


in the rest of the world: 
Elsevier Science Publishers 
Direct Vail Department 

PO. Box 211 

1000 AE Amsterdam 

The Netherlands 


Note: Send subscription 
orders to either your usual 
supplier or the New York 
address. All subscriptions 
begin with the first issue of the 
Calendar year and are entered 
upon receipt of payment 
Subscription rates valid until 
December 31, 1987 
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TWO COMPLEMENTARY TITLES FROM ELSEVIER 





Head Injury and the Anaesthetist 


It is believed that the anaesthetist will 
continue to have an important roll to 
play in the overall care of the head- 
injured patient, an involvement that 
should go far beyond the ‘provisian of 
technical assistance in the care of the 
unconscious patient and of anaesthesia 
for surgical procedures’. The contents 
of this monograph will inform the 
anaesthetist about some of the wider 
aspects associated with trauma to the 
head, and so enable him to participate 
fully in the care of these patients. 


CONTENTS: List of Contributors. 
Preface. 1. The pathology of head 


edited by W. Fitch and J. Barker 


injury (Ð. I. Graham). 2. The patho- 
physiology of head injury 0. D. Miller). 
3. Pulmonary function in the head- 
injured patient (S. Jennett}. 4. The 
clinical assessment of the head- 
injured patient (G. Teasdale). 5. The 
immediate care and transportation of 
the head-injured patient (S. Galbraith). 
6. Anaesthesia and the head-injured 
patient (7. Barker). 7. The post- 
operative care of the head-injured 
patient (. M. Horton). 8. Artificial 
ventilation in the management of the 
head-injured patient (D. G. McDowall). 
9. Intracranial pressure monitoring in 
the management of the head-injured 


patient (S. Galbraith). 10. Extracranial 
injuries-facial injuries (J. P. Vance).-11. 
Extracranial injuries-chest injuries 

{A. B. M. Telfer). 12. The use of 
barbiturate therapy in the manage- 
ment of the head-injured patient (H. M. 
Shapiro, B. J. Dunlop and L. F. 
Marshall). 13. Brain death (W. Fitch). 
14. Future developments in the care of 
the head-injured patient (B. Jennett). 
Subject index. 


1985 290 pages 
Price: US §'88.00/D1. 220.00 
ISBN 0-444-80695-4 





International Resuscitation Days 


Proceedings of the 2nd International Resuscitation Days 
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Pharmacokinetics of Unchanged Morphine in Normal and 


Cirrhotic Subjects 


Jean-Xavier Mazoit, MD, Pierre Sandouk, PhD, Paul Zetlaoui, MD, and 


Jean-Michel Scherrmann, PhD 


MAZOIT J-X, SANDOUK P, ZETLAOUI P, 
SCHERRMANN J-M. Pharmacokinetics of unchanged 
morphine in normal and cirrhotic subjects. Anesth Analg 
1987;66:293-8. ` 


Published reports of morphine vharmacokinetics differ, per- 
haps because of analytical discrepancies and different study 
protocols. A highly specific radioimmunoassay (N-carbox- 
ymethylnormorphine RIA) was used to measure unchanged 
morphine in plasma in six normal subjects and in eight 
cirrhotic patients with hypoalbuminemia, hyperbilirubine- 
mia, and prolonged prothrombin time. All subjects recetved 
a single intravenous bolus of morphine hydrochloride (0.1 
mg/kg). Peripheral blood samples were collected at frequent 


` Morphine has been said to have a longer terminal 
half-life in cirrhotic patients than in normal subjects 
(1). Cirrhosis of the liver usually decreases the rate of 
elimination of drugs actively metabolized by the liver 
(2). Removal of a drug from the body is, however, 
determined by two factors: the apparent volume of 
distribution and the total body clearance (3). The ob- 
served decrease in morphine protein binding due to 
hypoalbuminemia and hyperbilirubinemia in cirrhot- 
ics (1) is expected to have little effect on distribution 
because the extent of binding is so relatively mod- 
erate. Two factors may, however, decrease the clear- 
ance of drugs in cirrhotic patients: 1) a decrease in 
hepatic blood flow or 2) a decrease in hepatic extrac- 
tion ratio. Again, a decrease in protein binding would 
have little effect on hepatic clearance of morphine 
because of the high extraction ratio (4). 

On the other hand, the decrease in hepatic blood 
flow in cirrhosis (5) may have the potential for de- 
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intervals from 2 min to 36 hr after injection. In cirrhotic 
patients as compared with normal subjects, terminal half- 
life of unchanged morphine was longer (201 + 39 vs 111 
+ 32 min (mean + SD), P < 0.01) and total body clearance 
was slower (21 + 7.5 vs 33.5 + 8 mlmin`ikg™t, P < 
0.05). The apparent volume of distribution and the steady- 
state volume of distribution did not differ in the two groups. 
In conclusion, cirrhotic patients have a prolonged terminal 
half-life of unchanged morphine that is attributable to a 
decrease in total body clearance. 


Key Words: ANALGESICS—morphine. LIVER—cir- 
rhosis. PHARMACOKINETICS—morphine. 


creasing morphine clearance. Surprisingly, Patwar- 
dhan et al. (6) did not find any difference in morphine 
kinetics between normal and cirrhotic subjects. We, 
therefore, used a highly specific radioimmunoassay 
(RIA) to measure morphine kinetics in normal sub- 
jects and in cirrhotics with marked decrease in hepatic 
function. 


Patients and Methods 
Patients 


Institutional approval was obtained and informed 
consent was given by 14 subjects, including both sexes. 
All of them had a normal renal function with normal 
serum creatinine. Except for a history of alcoholism 
in the cirrhotic patients, none of the subjects studied 
were receiving drug therapy, and none had been 
anesthetized within the previous 3 months. One group 
consisted of six noncirrhotic volunters (four males and 
two females) aged 56 + 9 yr (mean + SD) and weigh- 
ing 68 + 19 kg. A second group consisted of eight 
alcoholic cirrhotic patients (six males and two females) 
aged 64 + 6 yr and weighing 71 + 14 kg. Cirrhosis 
was histologically proved in all but one of the latter 
patients. Biological criteria to ensure homogeneity in 
the cirrhotic group included prothrombin times rang- 
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ing between 45 and 70% of normal, serum albuinin 
levels less than 3.2 g/dl, and serum bilirubin levels 
higher than 1.5 mg/dl. None of the patients had had 
surgical portocaval shunts and none had clinical evi- 
dence of ascites. | 
Sampling and Analysis | 
All subjects received a single intravenous bolus of 
morphine hydrochloride (0.1 mg/kg = 0.076 mg/kg 
morphine base). Peripheral venous blood samples (5 
ml) were collected in heparinized tubes 2, 5, 10, 15, 
30, and 60 min and 2, 3, 5, 7, 9, 12, 18, 24, and 36 hr 
after injection. An additional sample was taken at 8 
hr in five normal subjects and six cirrhotic patients. 
Plasma was separated and stored at — 20°C until the 
time of analysis. The unchanged morphine concen- 
trations in plasma were measured by a specific RIA. 
Morphine antisera were raised in goats by immuni- 
zation with N-carboxymethylnormorphine (N-CMN) 
conjugated to bovine serum albumin as described by 
Gintzler et al. (7). The carrier protein was conjugated 
to the nitrogen atom of the opiate alkaloid in order 
to recognize the phenolic hydroxy group on C3 and 
the alcoholic group on C6. Ammonium sulfate iwas 
used to precipitate the morphine antibody complex. 
The sensitivity, intra- and interassay reproducibilities, 
and linearity of the RIA for morphine were deter- 
mined: 16 pg of morphine could be reliably assayed, 
with “H-morphine (60 Ci/mmol) (New England Nu- 
clear, Boston, Mass.) as labeled antigen. The coeffi- 
cient of variation for reproducibilities varied from 7.7 
to 12.0% at concentrations ranging from 0.1 to 60 ng/ml. 

The specificity of the RIA was studied by measur- 
ing the percentage of cross-reactivity of various mor- 
phine congeners that inhibit labeled hapten antibody 
complex at 50%. The cross-reactivities of morphine 3- 
0-glucuronide, the major morphine metabolite,| and 
of codeine were below 0.2%. 6-Monoacetylmorphine 
an analogue of 6-0-glucuronide, had 0.5% cross-reac- 
tivity. Normorphine, a minor metabolite of morphine, 
had 30% cross-reactivity (but it would not be e 
to interfere because its concentration would be quite 
low after a single dose of morphine). Naloxone, ti 
major morphine antagonist, had a lower cross-reac- 
tivity (1%). The cross-reactivity was also studied 
triplicate by adding to opiate-free plasma seat in 
ing compounds at two different concentrations (Table 
1). A linear least-squares regression program for logit- 
log transformation was used for linearization of the 
standard curve and calculation of the amount of mor- 
phine in patient samples. Morphine is expressed in 
terms of equivalents of morphine base. 

The blood/plasma concentration ratio was mea- 
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Table 1. Morphine Equivalents of Several Compounds 
Determined by Radioimmunoassay (n = 3) (Morphine 


Recovery = 95-102%) 
Morphine equivalents 
Added drug measured (ng/ml) 
(ng/ml) (mean + SD) 
Morphine 10 9.8 + 0.3 
40 40.3 + 0.5 
Morphine 3-glucuronide 50 0 
100 0 
Codeine 10 0 
40 0 
Normorphine 10 0.9 + 0.5 
40 11 + 0.5 
6-Monoacetylmorphine 10 0 
40 0 


sured in vitro. Then, 52.6 ng and 13.2 ng of morphine 
hydrochloride (corresponding to 40 and 10 ng of mor- 
phine base, respectively) were added in aliquots (1 
mil) of fresh heparinized blood collected in six normal 
volunteers similar in age and weight to the previous 
normal subjects studied. After 45 min at 37°C, mor- 
phine was measured both in blood and plasma. 


Pharmacokinetic Analysis and Statistics 


Individual serum concentration data were fitted ac- 
cording to a two-compartment open model as follows: 


C= Ci e — àt + Cze — dAzt 


using a nonlinear least-squares regression program 
(PCNONLIN) (8). The data were weighted by the re- 
ciprocal of the concentration squared. The area under 
the curve (AUC), the terminal half-life (t12), the dis- 
tribution half-life (t,1), the volume of the central 
compartment (V,), the volume of distribution (V,), the 
volume of distribution at steady state (V,,), and the 
total body clearance (CL) were calculated as follows: 


AUC = C/A; + C/A, 
tin = 0.693/A, 
timA; = 0.693/A, 
V. = Dose/(C; + C,) 
Vz = Dose/(AUC-A,) 
Vs = Dose(C,/A?, + C/A2,/AUC 
CL = Dose/AUC 


Data are expressed as the mean + standard de- 
viation. Statistical analysis was performed using the 
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Table 2. In Vitro Blood/Plasma Concentratior. Ratio 
Subjects 
(Hematocrit: 41 + 2%) 
Concentration 1 2 3 4 5 6 Mean + SD 
40 ng/ml 1.12 1.24 1.18 1.26 1.33 1,22 1.22 + 0.07 
10 ng/ml 1.14 1.15 1.29 1.16 1.37 1.11 1.20 + 0.07 
1.21 + 0.08 
Table 3. Major Biochemical Data [Mean + sp) 
Alkaline Serum Prothrombin Serum Serum 
Age Weight phosphatase albumin time* bilirubin creatinine Hemoglobin 
Subjects (yr) (kg) (mU/ml) (g/dl) (% N) (mg/dl) (mg/dl) (g1) 
Normals 
1 F 54 46 — 4.4 100 0.3 0.9 12.3 
2M 4] 87 — 4.3 100 0.3 12 14 
3F 69 54 — 4.0 100 0.4 0.9 13.3 
4M 5A 56 — 3.9 100 0.3 1.1 13.4 
5M 59 78 — 4.3 100 0.6 0.9 12.7 
6M 61 89 — 4,2 100 0.3 1.0 14.6 
Mean 56 68 — 4.2 100 0.35 1.0 13.4 
SD 9 19 — 0.2 0.1 0.1 0.8 
Cirrhotics 
1M 71 55 106 2.3 45 1.6 0.9 13.6 
2M 61 77 84 3.1 50 3.5 0.7 125 
3M 54 48 96 3.1 45 5.6 1.0 14.1 
4M 68 85 108 2.9 45 2.4 0.8 13.2 
5M 70 66 45 3.1 60 1.6 0.8 12.8 
6M 59 88 75 3.0 45 2.0 1.1 11.9 
7F 69 79 58 3.0 65 27 0.7 11.6 
8 F 60 68 63 2.3 70 1.6 0.8 12.6 
Mean 64 71 79 2.8 50 2.6 0.85 12.8 
SD 6 14 23 0.4 10 1.4 0.1 0.8 
NS NS P< 0.01 P < 0.01 NS NS 


“Expressed in percent of normal 


nonparametric Mann-Whitney U-test. A level of P < 
0.05 was considered the minimum level of signifi- 
cance. 


Results 


The blood/plasma concentration ratio did not differ 
at the two concentrations assayed (1.21 + 0.08) (Table 
2). Cirrhotic patients had significantly different pro- 
thrombin times, serum albumin, and serum bilirubin 
levels when compared with normal subjects (Table 3). 


Unchanged Morphine Kinetics (Table 4 and Fig. 1) 


No morphine was detected in plasma after the sev- 
enth hour in normal subjects (except in patient 3) and 
after the 12th hour in all cirrhotic patients. Terminal 
half-life (t12) was longer, total body clearance (CL) 
was significantly slower, and AUC was significantly 


increased in cirrhotic patients as compared with non- 
cirrhotic subjects. The steady-state volume of distri- 
bution (Vs) and the apparent volume of distribution 
(V_) did not differ significantly between the two groups. 


Discussion 
Normal Subjects 


A summary of data from several recent pharmaco- 
kinetic studies of morphine is shown in Table 5 
(4,6,9-11). Differences in patient sampling and ana- 
lytical methods may account for the variations in these 
data. Analysis based on 3-0-carboxymethylmorphine 
RIA is extremely sensitive, but suffers from a potential 
lack of specificity (12). Specific RIA methods have 
been reported (7,13). The most specific of these is 
obtained when the antiserum is raised against N-car- 
boxy-methylnormophine: the relationship between 
antiserum specificity and immunogen structure is based 
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Table 4. Pharmacokinetic Parameters of Unchanged Morphine (Mean + sb) 
neem cn peer cea an atin Siena 


AUC hiz tiz Ng Vz Wia CL 

Subjects (ngmin ml!) a Eo (min) (min) (L/kg) (L/kg) (L/kg) (mlmin ` kg ') 
Normal 

1 1718 70.8 13.4 ae 72 0.91 4.57 3.77 44 

2 1964 55,7 8.6 6.8 111 1.18 6.25 4.46 39 

3 2715 ig ae 9.4 5.4 156 0.93 6.30 4.96 28 

4 2007 50.1 9.5 4.9 121 127 6.63 591 38 

5 2231 41.3 17.2 4.6 79 1.30 3.88 3.44 34 

6 4270 141 21.3 1.4 129 0.47 3.35 3.09 18 

Mean 2484 71.9 2 4.4 111 1.01 5.16 4.21 33.0 

SD 937 35.9 51 1.9 32 0.31 1.41 0.93 9 
Cirrhotics 

1 6796 40.5 15.1 13.0 277 1.37 4.48 4.03 11 

2 2556 16.0 3.9 15.5 199 a 8.53 3.84 30 

a 2304 61.9 6.3 ia 179 1:11 8.52 6.16 33 

4 4712 32.4 15.2 7.9 198 1.60 4.60 4.28 16 

5 3773 38.6 15.1 11.8 143 1.41 4.15 200 20 

6 3836 35:1 13.3 75 180 1.57 5.14 4.66 20 

7 5084 35.8 15.8 9.1 202 1.47 4.34 3.99 15 

8 3166 40.2 6.1 20.1 229 1.64 7.00 5.34 24 

Mean 4028 37.6 11.4 11.6 201 1.67 5.84 4.48 21 

SD 1475 12.6 5.0 4.5 39 0.64 1.88 0.88 ys 

P < 0.05 P< 0.01 NS P < 0.01 P < 0.01 P < 0.01 NS NS P < 0.05 


Morphine concentration (ng/ml) 





Figure 1. Concentrations of unchanged 
morphine in plasma vs time for a normal 
volunteer and a cirrhotic patient. 


O------- Normal subject (no. 1) 
a .—.— Cirrhotic patient (no. 6) 


Time (hours) 


on the position of attachment of the hapten to the 
carrier protein (7,13,14). The specificity of our anti- 
serum is very high, as shown by the study of cross- 
reactivity and the recovery of morphine and metab- 
olites. We, therefore, used an intravenous dose (0.1 
mg/kg morphine hydrochloride) corresponding to the 
usual therapeutic dose. The initial decline of un- 
changed morphine concentration in plasma was rapid. 
The t;,2 and CL were shorter and faster, respectively, 


than in most previous studies, but are in good agree- 
ment with the recent study of Sawe et al. (11), whose 
measurements were made with ion-paired HPLC. 
However, differences in patient populations between 
the cited studies may be more important than assay 
differences. 

Morphine, which has a moderate extent of plasma 
protein binding (1,6) but a high hepatic extraction 
ratio (4), is assumed to be nonrestrictively cleared by 
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Table 5. Major Morphine Pharmacokinetic Parameters in the Literature (Noncirrhotic Subjects) 


Analytical hin V: CL 
Authors Patients method (min) (L/kg) Vis (ml-min~ kg ~') 
Stanski et al., 1978 (4) Young, healthy, 3-OCMM RIA 177 3.2 — ` 14.7 
awake 
Sawe et al., 1981 (9) Cancer patients, GLC 187 2.08 — 9.2 
awake 
Patwardhan et al., 1981 (6) Middle aged, awake GLC 150 3.7 — 16.2 
Murphy et al., 1981 (10) Young, ASA I-H, Solvent 104 3.4 —- 23 
anesthetized extraction 
3-OCMM RIA 
Sawe et al., 1985 (11) Cancer patients, HPLC 102 4.0 — 28.0 
awake 
Present study, 1986 Sixth-seventh decade, N-CMN RIA 111 a2 4.2 33.5 
awake 


Abbreviations: 3~-OCMM RIA, 3-0-carboxymethylmorphine radioimmunoassay; GLC, gas liquid chromatography; HPLC, ion-pair high-performance liquid 
chromatography; N-CMN RIA, N-carboxymethylnormorphine radioimmunoassay. 


the liver (2,4). In other words, elimination of mor- 
phine by the liver depends mainly on hepatic blood 
flow. In the “tug-of-war” model (15), ‘“flow-limited” 
drugs are expected to have a greater affinity for he- 
patic enzymes than for plasma proteins and red blood 
cells. Thus, with a blood plasma concentration ratio 
of 1.1 [Patwardhan (6)] to 1.21 (present study), the 
total blood clearance would not be expected to be 
lower than 25 ml-min~*-kg~'. Assuming a hepatic ex- 
traction ratio (E) of 0.70 (4) and a hepatic blood flow 
(HBF) of 25 ml-min~?-kg~? (16), hepatic clearance cal- 
culated as E x HBF would not be expected to exceed 
17.5 ml-min~*kg~*. But in addition to a 10% renal 
excretion of morphine (17), extrahepatic biotransfor- 
mation of morphine cannot be excluded. 
Extrahepatic conjugation of morphine with glu- 
curonic acid has been demonstrated in some species 
(18) and suspected in humans (6). Further studies are 
needed to confirm or invalidate this hypothesis. 


Cirrhotic Patients 


In the present study, elimination of unchanged mor- 
phine was prolonged in alcoholic cirrhotic patients, 
the terminal half-life being twofold greater than in 
normal subjects. In 1975, Olsen et al. (1) showed that 
plasma protein binding of morphine was decreased 
in a group of patients with hepatic failure. This de- 
creased binding was attributed to lower serum al- 
bumin levels plus displacement of the bound drug 
due to the high binding affinity of bilirubin. Never- 
theless, this higher free fraction of drug in plasma 
would not be expected to increase the valume of dis- 
tribution because of the normally only moderate ex- 
tent of protein binding (1,6). 

In our study, neither V,, nor V, differed signifi- 


cantly between the two groups, and this is consistent 
with the above statement. The lower CL in the cir- 
rhotic group is in accordance with the assumption that 
elimination of morphine by the liver depends mainly 
on hepatic blood flow (2,4). Cirrhosis of the liver usu- 
ally decreases hepatic blood flow (5). We did not mea- 
sure hepatic blood flow by, e.g., ICG clearance in our 
subjects. However, Patwardhan et al. had only two 
cirrhotics with marked decrease in ICG clearance, which 
may explain their failure to demonstrate altered ki- 
netics in cirrhotics (6). Another factor that may de- 
crease hepatic clearance of morphine in cirrhosis is a 
decrease in hepatic extraction ratio. The cirrhotics 
studied by Patwardhan et al. seemed:to be in mod- 
erate hepatic failure. They had hypoalbuminemia and 
hyperbilirubinemia and three had ascites. Neverthe- 
less, all had normal prothrombin times. The subjects 
we studied seemed to have a more significant hepatic 
disturbance. All had prolonged prothrombin times 
and were icteric. So, a decrease in the hepatic extrac- 
tion ratio may have had an additional effect on the 
decreased hepatic clearance in our patients when 
compared with those of Patwardhan et al. 

In conclusion, the pharmacokinetics of morphine 
are altered in cirrhotic patients without ascites who 
have impaired hepatic function. The increase in ter- 
minal half-life is due to a lower total body clearance 
without a significant change in the volume of distri- 
bution. Hither a decrease in hepatic extraction ratio or 
a decrease in hepatic blood flow (or both) may have 
caused the decrease in morphine clearance in cir- 
rhotics. Our study does not allow identification of 
which of these two mechanisms is responsible for the 
observed decrease in clearance. In clinical practice, 
therefore, in cirrhotic patients the dosing interval with 
morphine should be increased about 1.5-fold to two- 
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fold in order to avoid accumulation and deleterious 
effects. 


The authors thank Dr. D. D. Denson for his valuable review of the 


manuscript and Miss G. Rosine and Mrs. E. Schmitt for secretarial 
assistance. 
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A Randomized Prospective Controlled Study of the Metabolism 
and Hepatotoxicity of Halothane in Humans 


Michael J. Cousins, MD, Geoffrey K. Gourlay, PhD, Kathleen M. Knights, PhD, 
Pauline de la M. Hall, FRCPA, Christine A. Lunam, PhD, and Paul O’Brien, FRACS 


COUSINS MJ, GOURLAY GK, KNIGHTS KM, HALL P DE 
LA M, LUNAM CA, O'BRIEN P. A randomized 
prospective controlled study of the metabolism and 
hepatotoxicity of halothane in humans. Anesth Analg 
1987; 66:299-—308. 


In a randomized prospective controlled study in humans, 
the metabolism and hepatic effects of a single administration 
of halothane were compared with enflurane and meperidine. 
Pre- and postoperative antipyr:ne pharmacokinetics, intra- 
operative indocyanine green clearance, liver histology, and 
postoperative liver function tests were determined in 24 
patients undergoing abdominal surgery who were randomly 
allocated to receive either halothane (0.5%, group I), en- 
flurane (0.8%, group II), or meperidine (group Ul) as a 
supplement to a common basal anesthetic regimen consisting 
of thiopental, nitrous oxide/foxygen/muscle relaxant. In ad- 
dition, end-tidal concentrations of the volatile reductive me- 
tabolites of halothane, chlorodifluoroethylene (CDF), and 
chlorotrifiluoroethane (CTF) were determined in group I pa- 
tients and serum and urinary inorganic fluoride were de- 
termined in both group I and II patients. Indocyanine green 
clearance was measured before anesthesia (stage I), during 
basal anesthesia (stage II), in the presence of surgical stimuli 
(stage Il), and after introduction of the selected anesthetic 
agent (stage IV). CDF and CTF were detectable within 20 
min of the start of halothane anesthesia in every patient 


receiving halothane. Peak serum fluoride concentrations oc- 
curred at 2 and 24hr in the enflurane and halothane groups, 
respectively, whereas urinary fluoride excretion was ele- 
vated postanesthesia in the enflurane group only. There was 
no difference between the pre- and postoperative disposition 
of anttpyrine in group II or IH, but after anesthesia, anti- 
pyrine clearance was significantly decreased (P < 0.02) and 
plasma half-life increased (P < 0.05) in group I patients - 
(halothane). Concentrations of serum alanine aminotrans- 
ferase (ALT) and bilirubin were significantly elevated (P < 
0.05) postoperatively in groups I and Il but unchanged from 
preoperative values in group Ill patients. Three of the 24 
liver biopsies taken at the end of stage IV showed several 
foci of acute liver cell necrosis; of these, two patients were 
from group I and one from group II. There were no signif- 
icant differences in liver cell morphology (P > 0.5) in biop- 
sies taken at the end of stage IV compared with biopsies at 
the end of stage III, from groups I and Il. The results of 
this study show that reductive metabolism of halothane oc- 
curs routinely in patients undergoing halothane anesthesia 
under conditions of normoxia. This may be the cause of the 
changes in anttpyrine clearance after halothane anesthesia. 


Key Words: ANESTHETICS, vo.tatme—halcthane, 
enflurane. BOTRANSFORMATION (DRUG)—halo- 
thane. LIVER—hepatitis. i 





The National Halothane Study was a retrospective 
study designed to detect cases of massive hepatic ne- 
crosis following halothane anesthesia (1); however, 
its design led to equivocal results. Retrospective as- 
sessment of reports to the Committee on Safety of 
Medicines in the United Kingdom indicated an inci- 
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dence of jaundice after repeated halothane adminis- 
tration that was greater than that seen after other 
anesthetics (2). Later this committee reported that the 
death rate from “halothane hepatitis” was 51-52% 
after multiple exposures compared with 35% after a 
single exposure. Subsequently, comparative prospec- 
tive studies confirmed that the incidence of liver dys- 
function after repeated halothane exposure was greater 
than after other anesthetics (3-5), although other 
studies were not in agreement (6,7). 

Recent clinical studies have demonstrated an in- 
cidence (20-40%) of transient abnormalities in liver 
function after repeated halothane anesthesia (5) but 
not after a single exposure to either halothane or en- 
flurane (8). Enflurane has been favored as an alter- 
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Table 1. Measurement of Indocyanine Green Clearance 
Stage I Stage I Stage II Stage IV 
Thiopental 
N20/02 N,O/O2 N,O/O2 
Pancuronium $+ $$ A 
“Basal anesthesia” ——————___-________-|_ } —____-. Supplement- 
Preanesthesia Postinduction During surgery During surgery 
t t 
Liver biopsy 1 Liver biopsy 2 
Cice Cica Cica i Cice 


native to halothane, particularly if repeated admin- 
istrations are necessary. However, reports have 
appeared in the literature of enflurane-associated 
hepatotoxicity (9,10); the clinical, biochemical, and 
histological features have some similarities to those 
documented for both halothane- and methoxyflurane- 
induced hepatic injury (11). 

Multiple determination of antipyrine pharmacoki- 
netics in individuals has been used extensively to 
quantitate the effect of an environmental variable such 
as paracetamol overdosage on the hepatic mixed- 
function oxidase system (12). In patients with acute 
liver damage, prolongation in the plasma half-life of 
antipyrine has been observed (13). It would appear, 
therefore, that determination of antipyrine pharma- 
cokinetics before and after anesthesia may detect 
transient abnormalities in hepatocellular function 
associated with either halothane or enflurane ad- 
ministration. 

The present study is the first randomized pro- 
spective controlled study in humans of the metabo- 
lism and hepatic effects of a single administration of 
halothane compared with another halogenated agent 
(enflurane) and an opioid supplement (meperidine) 
superimposed upon a standardized “basal” anes- 
thetic regimen. 


Materials and Methods 
Study Design 


This study was approved by the Drugs and Thera- 
peutics Advisory Committee and the Clinical Inves- 
tigation Committee, Flinders Medical Centre. Adult 
patients, ASA status I-II, admitted for elective ab- 
dominal surgery were included in the study after in- 
formed consent had been obtained, including per- 
mission for liver biopsy. All patients were under the 
care of the same surgeon and patients with malignant 
disease or preoperative liver dysfunction were ex- 


cluded from the study. Patients were randomly as- 
signed to receive halothane (group I, n = 8), enflurane 
(group I, n = 8), or meperidine (group II, n = 8) as 
a supplement to a basal anesthetic (see below). Se- 
dation the night before the operation consisted of oral 
diazepam, 10 mg. 


Anesthesia and Monitoring 


Atropine, 0.01 mg/kg, and meperidine, 1.33 mg/kg, 
were given intramuscularly 1 hr prior to expected ar- 
rival time in the operating room. A peripheral intra- 
venous cannula was inserted in one arm. A centrally 
directed venous line with a double three-way stop- 
cock was inserted in the contralateral arm the day 
prior to surgery for the determination of antipyrine 
pharmacokinetics (see below). General anesthesia was 
induced with thiopental, 5 mg/kg, followed by suc- 
cinylcholine, 1 mg/kg, to facilitate tracheal intubation. 
Maintenance anesthesia consisted of nitrous ox- 
ide/oxygen (70:30) delivered via a semiclosed-circle 
system, plus supplementation with either halothane 
(group I) or enflurane (group I) at end-tidal concen- 
trations of 0.5 and 0.8%, respectively, or a meperidine 
infusion consisting of a loading infusion (60 mg over 
10 min) and then a maintenance infusion of 25 mg/hr 
(group Il). Pancuronium bromide, 0.08 mg/kg, was 
used as a muscle relaxant in all groups. 

Ventilation was mechanically controlled to main- 
tain a normal arterial carbon dioxide tension (40 torr) 
in radial arterial blood. End-tidal halothane and en- 
flurane concentrations were monitored with an in- 
frared analyzer and end-tidal percent carbon dioxide 
and percent oxygen were adjusted to 5% and 30%, 
respectively, with the aid of a Centronic MGA 200 
mass spectrometer. 

Arterial blood pressure was measured and contin- 
uously recorded via a 20-gauge radial artery cannula 
as previously described (14). 


HALOTHANE HEPATOTOXICITY IN HUMANS 


Antipyrine Pharmacokinetics 


Antipyrine (10 mg/kg) was injected into a peripheral 
vein in the arm opposite to that used for blood sam- 
pling. Blood samples (4 ml) were collected into hep- 
arinized tubes at 0, 30, 60, 90, 120 min and thereafter 
at 2-hr intervals for a total of 24 hr. In all groups, 
antipyrine clearance was determined 24 hr preoper- 
atively and 48 hr after anesthesia. 

Blank blood collected prior to the administration of 
the antipyrine was used for preparation of the stand- 
ard curve. Antipyrine was added to 1 ml blood to 
yield drug concentrations of 5, 10, 20, 30, and 40 pg/ml. 
Cyproheptadine (4 ug/10 pl) was used as the internal 
standard in all samples. To blood (1 ml) or standards 
was added 0.2 ml, 0.1N NaOH and 3 ml ether. The 
sample was mixed (vortex mixer, 1 min), centrifuged 
at 3000 rpm for 5 min, and subsequently frozen in 
methanol plus dry ice. The ether layer was transferred 
to tubes containing IN HCI (0.2 ml), vortex mixed, 
centrifuged, and refrozen. The ether was decanted 
and the frozen layer heated at 50°C for 10 mins to 
evaporate residual ether. The remaining solution was 
transferred to 1-ml Reacti-Vials (Pierce Chemical 
Company) containing 0.1 ml 5N NaOH. Methylene 
chloride (50 pl) was injected under the surface and 
the vials capped, vortex mixed, and centrifuged. The 
lower phase (1 pl) was analyzed by gas chromatog- 
raphy as previously described (15). 


Indocyanine Green Clearance 


Indocyanine green (ICG) clearance (Cicc), an indirect 
index of hepatic blood flow, was measured before 
anesthesia (stage I), during “basal anesthesia” with 
nitrous oxide/oxygen and muscle relaxant (stage II), 
in the presence of surgical stimuli (stage III), and after 
the introduction of halothane, enflurane, or meperi- 
dine (stage IV) (Table 1). Then, ICG (20 mg, 2.0 ml) 
was injected as a bolus into a peripheral vein. Blood 
samples (2 ml) were withdrawn from the blood sam- 
pling catheter prior to injection of the ICG and at 1- 
min intervals for 8 min, with a further sample at 10 
min. Plasma ICG was quantitated spectrophotometr- 
ically at 805 nm (16). 


Anesthetic Metabolites 


Concentrations of the volatile reductive metabolites 
chlorodifluoroethylene (CDF) and chlorotrifluoro- 
ethane (CTF) of halothane were measured (17) in 
end-tidal breath samples collected from all patients in 
group I at 20-min intervals during halothane anesthesia 
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(stage IV). Serum and urinary inorganic fluoride con- 
centrations (18) were determined pre-, intra-, and 
postoperatively and 24 hr pre- and postoperatively in 
patients from groups I and II, respectively. 


Liver Histology 

An initial liver biopsy (by needle) was obtained im- 
mediately after the abdomen was opened (stage II) 
before either halothane, enflurane, or a meperidine 
infusion was commenced. At the end of the surgical 
procedure, prior to closure of the abdomen, a second 
needle biopsy of the liver was obtained (Table 1). The 
biopsies were fixed in 10% buffered formalin, pro- 
cessed, embedded in paraffin, sectioned at 5 um, and 
stained with hematoxylin and eosin and “routine” 
liver stains. The paired biopsies were examined by a 
pathologist (P.H.) who was unaware of the anesthetic 
regimens. Subsequently, the pairs of liver biopsies 
from four patients in the halothane and enflurane 
groups were selected, at random, for quantitation. 
The image of sections stained by periodic acid-Shiff 
after diastase digestion was projected to a flat surface 
using a Lietz Dialux projecting microscope with a final 
projected magnification of x 830. Mononucleate he- 
patocytes with clearly distinguishable cell outlines were 
traced on drawing paper. Two central vein and two 
portal tract areas were randomly selected from each 
biopsy; morphologic features of 30 hepatocytes from 
each area were quantitated. 

Individual cell and nuclear areas were measured 
from each trace using a Houston Instruments Hipad 
digitizer interfaced to a Northstar Advantage com- 
puter. Hepatocyte areas in central vein regions from 
biopsies taken at the end of the anesthetic ‘‘supple- 
ment” (stage IV) were compared with hepatocyte areas 
before anesthesia with either halothane or enflurane 
using a two-way analysis of variance with repeated 
measurements on one factor. Hepatocyte areas were 
similarly compared between portal tract and central 
vein regions. Nuclear areas, both within and between 
groups, were analyzed as above and a level of sig- 
nificance of P < 0.05 was used to reject the null hy- 
pothesis. Mean hepatocyte and nuclear volume were 
calculated using Loud’s formula (19). 


Biochemical Assays 

Twenty-four hours prior to surgery and for 2 days 
postoperatively, blood was collected for measurement 
of electrolyte (Na*, K*, Cl’, HCO; ) and glucose 
levels and liver function tests, including total protein, 
albumin, bilirubin, creatinine, alkaline phosphatase, 
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Table 2. Patient Data 








Halothane Enflurane Meperidine 
Age (yt) 53 + 15.4 47.8 + 19.7 55: 3.6 
Weight (kg) 92.9 + 27.4 78.34 28.5 76.1 + 30.2 
Sex (M/F) 53 3/5 5/3 
Duration of volatile 93.5 + 47.2 93.1 + 17.5 — 


anesthesia (min) 


Data are expressed as mean + SD. 
“Mean length of surgery in this group was 90 min. 


alanine aminotransferase (ALT), lactate dehydrogen- 
ase, and gamma glutamyl transpeptidase. Assays were 
undertaken using SMA 6/60, SMA plus, Beckman TR 
enzyme activity and glucose autoanalyzers. 


Pharmacokinetic and Statistical Analysis 


The pharmacokinetic parameters of antipyrine dis- 
position were calculated with the aid of a digital com- 
puter from the coefficients and exponents of- the 
polyexponential equation describing the blood 
antipyrine—time curves according to the methods of 
Wagner (20). 

Pre- and postanesthetic data for each variable from 
all groups were compared using paired Student's t- 
test and an analysis of variance was used to determine 
the statistical significance of differences within and 
between groups for Cicg with respect fo stages I-IV. 
To reject the null hypothesis, a level of significance 
of at least P < 0.05 was used. Logarithmic transfor- 
mations of the data were undertaken, if necessary, to 
“correct” the inequality of variances (21). 


Results 
Patient Data 


General patient characteristics were similar for all 
groups studied, with a mean age and weight of ap- 
proximately 50 yr and 85 kg, respectively, the male- 
to-female ratio of 5:3 was identical in group I (halo- 
thane) and group III (meperidine). The enflurane 
patients (group II) consisted of three males and five 
females. In group I, three female patients were obese, 
118.5 + 19.7 kg; there were two obese female patients 
in groups IJ and IM, 122.7 + 7.2 and 117.2 + 7:2 kg, 
respectively (mean + sD). The mean time of supple- 
mentation with either halothane, enflurane, or me- 
peridine was approximately 90 min in each group 
(Table 2). Blood gas analysis of samples obtained from 
the radial artery during stage III were similar for all 
groups studied, Po, 115.6 + 13.3 torr, PCO: 39.8 + 
3.9 torr, and pH 7.37 + 0.03 (mean + SD). 
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Figure 1. ICG clearance was détermined in all patients studied. 
Clearance is expressed as L/minute and the data are presented as 
mean + sD for eight patients in each group. Statistical significance 
of stage II vs stage I, P < 0.05*. 


Indocyanine Green Clearance (Cico) 


At stage IN (i.e., in the presence of basal anesthesia 
and surgical stimuli), Cicg Was significantly (P < 0.05) 
decreased (30-50%) below preanesthetic clearance 
(stage I) in all groups (Fig. 1). The Cicg determined 
after induction of anesthesia (stage II) was similar to 
the preanesthetic values (stage I). Similarly, Cigg with 
the supplementary agent (stage IV) in the presence 
of surgical stimuli was not dissimilar from the pre- 
anesthetic values in the three groups studied. 


Radial Artery Blood Pressure Measurement 


Mean (+ sp) arterial blood pressure at stage II (basal 
anesthesia) was not significantly different in group I 
(87.3 + 10.2 mm Hg), group H (85.8 + 11.1 mm Hg), 
and group II (82.07 + 10.5 mmi Hg) patients. When 
comparing stage II and stage IV, the introduction of 
halothane, enflurarie, or meperidine did not signifi- 
cantly alter the arterial pressure of the patients stud- 
ied. The values obtained were 92 + 10.62, 88.9 + 
9.8, and 93.2 + 11.1 mm Hg (mean + sD) for groups 
I, H, and IH, respectively. 


HALOTHANE HEPATOTOXICITY IN HUMANS 
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Figure 2. The peak postoperative concentration of serum inorganic 
fluoride (uM) occurred at 2 and 24 hr in the enflurane and halothane 
groups, respectively. Data are presented as mean + sD of all pa- 
tients studied (n = eight for each group). Asterisk indicates a 
statistically significant difference (P < 0.025") in serum fluoride 
levels before and after anesthesia. 
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Figure 3. Antipyrine clearance was determined 24 hr before (@) 
and 48 hr after (Ml) exposure to either halothane, enflurane, or 
meperidine. Data are presented as the individual values for each 
patient. A statistically significant difference (P < 0.02) in antipyrine 
clearance before and after anesthesia was observed in the halothane 
group only. 


Metabolite Formation 


The volatile reductive metabolites (CDF and CTF) were 
detected in end-tidal air within 20 min of the com- 
mencement of halothane anesthesia and increased until 
a plateau was reached after approximately 60 min. 
The concentration of CTF was always greater than 
CDF and the cumulative mean + sD from the 60-120- 
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LIVER FUNCTION TESTS 
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Figure 4. Plasma alanine aminotransferase (ALT) and plasma bili- 
rubin were determined prior to and 24 hr following anesthesia. 
Data are presented as mean + SD with n = eight patients in each 
group. “Statistically significant difference (P < 0.05) between levels 
before and after anesthesia. 


min samples was 0.36 + 0.07 ppm and 0.11 + 0.03 
ppm for CTF and CDF, respectively. 

The concentration of serum inorganic fluoride 
peaked 2 and 24 hr postoperatively in the enflurane 
and halothane groups, respectively. When compared 
with the preanesthetic values, the concentration of 
serum fluoride was found to have increased signifi- 
cantly (P < 0.025) after exposure to either halothane 
(group J) or enflurane (group II) (Fig. 2). In the 24-hr 
period after anesthesia, urinary fluoride excretion was 
significantly elevated (P < 0.01) in group J, i.e., the 
enflurane-exposed patients: 50 + 51 before and 637 
+ 284 umol/24 hr after anesthesia (mean + SD, n = 
7) but unchanged in the halothane group, 58 + 45 
and 45 + 23 umol/24 hr (n = 6) for before and after 
anesthesia, respectively. 


Antipyrine Pharmacokinetics 


There was no significant difference between preop- 
erative antipyrine terminal half-life, clearance, or vol- 
ume of distribution when compared with the values 
of these parameters determined 48 hr after exposure 
in either the enflurane or meperidine groups. How- 
ever, there was a significant decrease (P < 0.02) in 
antipyrine clearance, 60.6 + 23.5 (mean + SD) to 41.7 
+ 20.4 ml/min (Fig. 3) and a corresponding increase 
(P < 0.05) in antipyrine half-life, 644 + 220 to 1223 
+ 784 min in patients exposed to halothane. No sig- 
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Figure 5. Liver biopsy from an obese patient, taken immediately 
after halothane exposure. The liver shows moderate fatty change. 
An aggregate of neutrophil leukocytes is seen in association with 
focal liver cell necrosis (center). Hematoxylin and eosin x 770. 


nificant change occurred in the volume of distribu- 
tion in these patients, 47.5 + 9.5, before and 53.4 + 
17.7 L (mean + SD) after anesthesia. 


Liver Function Tests 


After exposure to halothane, the postoperative con- 
centrations (24 hr) of serum ALT (IU/L) and bilirubin 
(uM) were significantly elevated (P < 0.05) above pre- 
anesthetic values of 23 + 25 IU/L and 7.8 + 2.4 uM, 
respectively. A similar situation occurred in patients 
following the administration of enflurane, though 
neither serum ALT nor plasma bilirubin levels were 
changed postoperatively in patients given meperidine 
(Fig. 4). 


Liver Histology 


All of the liver biopsies showed some abnormality in 
liver morphology, but the same underlying pathology 
was apparent in each of the paired biopsies (from 
stages III and IV). The features seen included exces- 
sive amounts of lipofuscin and varying degrees of 
fatty change, portal fibrosis, and nonspecific reactive 
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changes. None of the biopsies showed chronic hep- 
atitis, cirrhosis, or malignancy. Biopsies from two group 
I patients and one group II patient, taken at the end 
of stage IV, showed several foci of liver cell necrosis 
with an associated neutrophil polymorphonuclear in- 
filtrate situated in the vicinity of the central veins (Fig. 
5). None of the stage IV biopsies showed hydropic 
swelling of centrilobular hepatocytes. 


Liver Morphometry 


The average nuclear and hepatocyte areas in the cen- 
tral vein regions before anesthesia were similar to 
hepatocyte and nuclear areas after either enflurane or 
halothane (Table 3). (Because of the cost and time 
involved, morphometric studies were not performed 
on biopsies from patients supplemented with me- 
peridine (group III).) No significant differences were 
observed in either hepatocyte or nuclear areas be- 
tween the central vein or portal tract regions. The 
average cell and nuclear areas of hepatocytes within 
portal tract regions were 507.8 + 139 um? and 67.3 
+ 15 wm? (mean + SD), respectively. Mean volume 
of mononucleate hepatocytes was calculated to be 9400 
pm’? and the volume of an average hepatocyte nucleus 
approximately 720 um°. 


Discussion 


In the present study, the changes observed in liver 
function tests after either halothane or enflurane were 
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Table 3. Liver Morphometry 


Nuclear area Hepatocyte area 
(um?) (um?) 
Enflurane 
Patient 1—pre 68.5 + 15 543.1 + 185 
— post 87.1 + 23 538.0 + 147 
Patient 2—pre 76.3 + 21 581.8 + 216 
—post 81.4 + 23 646.7 + 224 
Patient 3—pre 713° 23 526.6 + 178 
—post 58.7 35 563.7 + 201 
Patient 4—pre 65.4 + 15 528.2 + 147 
—post 64.4 + 15 476.7 + 154 
Halothane 
Patient 5—pre 80.6 + 15 466.3 + 147 
—post 65.1 + 15 422.3 + 132 
Patient 6—pre 66.2 + 15 433.1 + 138 
—post 56.3 + 15 450.7 + 123 
Patient 7—pre 67.3 + 15 552.4 + 186 
—post 94.6 + Sl 599.9 + 139 
Patient 8—pre 58.9 + 15 429.8 + 100 
—post 68.2 + & 465.5 + 147 


Data are presented as the mean + sD of 60 hepatocytes. 


comparable, suggesting that the extent of hepatocel- 
lular dysfunction was essentially the same after each 
agent. However, plasma ALT and serum bilirubin val- 
ues may be increased independently of the anesthetic 
agent, e.g., following intra-abdominal surgery (22) or 
the administration of either thiopental or propanidid 
(23). In previous studies, the postoperative measure- 
ment of such enzymes as ALT and serum ornithine 
carbamyl transferase has indicated that there were no 
differences when comparing halothane, methoxy- 
flurane, or spinal anesthesia (6), halothane or enflu- 
rane (8), or between narcotic anesthesia, halothane, 
and methoxyflurane (7). Other factors may also cause 
mild hepatocellular damage, e.g., sepsis, hypoten- 
sion, severe hemolysis, and surgical manipulation. In 
this study, these factors appeared not to be impli- 
cated, cardiovascular changes were monitored con- 
tinuously and were comparable in all groups, and no 
patient developed postoperative sepsis nor was there 
evidence of severe hemolysis. If changes in plasma 
ALT and bilirubin in groups I and II were in response 
to surgical manipulation, then elevated levels would 
be expected to have occurred in group II, i.e., pa- 
tients receiving meperidine. The results of this study 
suggest that there may be a greater propensity for 
transaminase levels to increase after halogenated an- 
esthetic agents than after opioid anesthesia, and that 
these changes may be unrelated to extraneous cir- 
cumstances. In addition, only halothane anesthesia 
was associated with decreased postoperative clear- 
ance of the “capacity limited” drug antipyrine. 
Clearance of ICG has been used as an indirect index 
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of hepatic blood flow (24). After intravenous admin- 
istration, ICG is selectively taken up by hepatic pa- 
renchymal cells, undergoing negligible renal, pul- 
monary, peripheral tissue, or cerebrospinal uptake. 
Surgical trauma is known to decrease hepatic blood 
flow (as determined by a colloidal gold technique) 
(25); therefore, changes in the hepatic extraction of a 
high clearance compound such as ICG would be ex- 
pected to be observed during surgery. Statistical anal- 
ysis of the results of this study verified that surgical 
stimulation constituted the major effect in decreasing 
Cicc in all groups when comparing stage III and stage 
I. These results are in contrast to a recent study that 
reported that ICG clearance was not reduced in pa- 
tients receiving halothane and undergoing peripheral 
surgery (26). Direct comparison of that study with the 
results reported here is not possible owing to the dis- 
similar nature of the surgical procedures, i.e., abdom- 
inal versus peripheral and the dose of halothane ad- 
ministered, 0.5% as opposed to 0.35%. 

Halothane is metabolized in the liver by both oxi- 
dative and reductive pathways (18,27). The latter is 
considered to be associated with greater potential for 
hepatotoxicity and the volatile reductive metabolites 
CTF and CDF have been demonstrated in both hu- 
mans and an animal model (17,18). In the animal model, 
the formation of the reductive metabolites, including 
free radicals (28), was associated with increased serum 
ALT concentration and centrilobular necrosis. These 
studies provided evidence that halothane metabolism 
can cause direct hepatocellular injury. 

In the present study, the postoperative excretion 
of urinary fluoride was significantly increased in the 
enflurane group (mean 640 pmol/24 hr) but was un- 
changed from baseline values in the halothane pa- 
tients (mean 45 umol/24 hr). The uptake of inorganic 
fluoride by bone (29) can reduce the amount of fluo- 
ride available for urinary excretion. In view of the 
lesser amount of fluoride formed in the halothane 
patients, bone absorption may account for the lack of 
increase observed in urinary fluoride in the halothane 
group. In contrast, significantly elevated serum fluo- 
ride values were found in patients exposed to either 
halothane or enflurane. Inorganic fluoride is a me- 
tabolite of enflurane and the highest values obtained 
were well below the level considered to be potentially 
nephrotoxic in humans, 50 pmol/L (30). The finding 
of increased serum fluoride levels, however, is of more 
concern in patients exposed to halothane. The re- 
ductive pathway of halothane metabolism results in 
the formation of inorganic fluoride and the volatile 
metabolites CDF and CTF. An association between 
the extent of reductive metabolism and the amount 
of bound hepatic organic fluoride has been reported 


to occur in obese patients (31) and it has subsequently 
been shown that serum fluoride is also increased in 
this group of patients (32). The presence of obese 
patients in the halothane group may have contributed 
to the elevation in serum fluoride, in comparison with 
studies in nonobese patients where even prolonged 
halothane anesthesia did not result in elevated serum 
fluoride (33). Indirect support for this is provided by 
studies in rats that reported that obesity increased 
serum fluoride after enflurane and isoflurane anes- 
thesia (34). Sharp et al. (35) and Gourlay et al. (17) 
have reported elevations of the levels of CDF and CTF 
in both obese and nonobese patients. The presence 
of CDF and CTF in the exhaled breath of all patients 
anesthetized with halothane suggests that free radical 
intermediates may be formed in humans. The level 
of CTF in this study was consistently higher than that 
of CDF and, therefore, the elevation observed in serum 
fluoride may have been a reflection of the defluori- 
nation of CDF (36). 

Antipyrine metabolism is highly reproducible within 
a given individual, and thus the pharmacokinetics of 
antipyrine disposition has been used extensively in 
humans to assess the in vivo functional integrity of 
the hepatic microsomal mixed-function oxidase sys- 
tem following a single environmental perturbation (12). 
In this study, antipyrine kinetics were studied in pa- 
tients before and after anesthesia. In two groups of 
patients (enflurane and meperidine), no significant 
changes were observed in the volume of distribution, 
clearance, or terminal half-life of antipyrine when 
comparing data collected before and after anesthesia. 
These results are in accord with a previous report in 
which enflurane was found to have no effect on an- 
tipyrine metabolism in a group of 18 surgical patients 
(37). Enflurane metabolism in vivo is not inducible by 
phenobarbital (38); in contrast, the metabolism of both 
antipyrine and halothane is enhanced (12,18). The 
results of this study suggest that antipyrine may be 
metabolized by cytochrome P-450 isoenzymes distinct 
from those that defluorinate enflurane. In support of 
this concept, the elimination rate of antipyrine has 
been shown not to correlate with the individual's ca- 
pacity to metabolize enflurane (37,39). 

In those patients receiving halothane, a significant 
decrease in antipyrine clearance was observed 48 hr 
after anesthesia, and this was reflected in a corre- 
sponding increase in the half-life. Other studies, in 
contrast to these findings, found that antipyrine clear- 
ance was significantly increased in patients when de- 
termined either 4 or 8 days (40) and 7 days (41) after 
surgery and after exposure to trace concentrations of 
halothane for 10 days (42). Similar to enflurane, no 
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correlation could be established between antipyrine 
pharmacokinetic parameters in individuals and their 
ability to debrominate halothane (43). 

Changes in antipyrine disposition viewed as a sol- 
itary entity may be interpreted as a consequence of 
numerous environmental factors, e.g., surgery, bed 
rest, diet, stress (12). However, the fact that a de- 
creased metabolic clearance was observed in only one 
group of patients studied, coupled with elevated 
plasma fluoride levels and exhalation of reductive 
halothane metabolites, suggests that the changes in 
antipyrine disposition may be a result of a specific 
inhibition/destruction of the drug metabolizing en- 
zyme system as a result of possible free radical pro- 
duction during halothane anesthesia. A recent study 
in a rat model of halothane-associated hepatoxicity 
demonstrated that decreases in cytochrome P-450 
content and aminopyrine demethylase activity occur 
under conditions that promote the reductive metab- 
olism of halothane (44). In addition, Trudell et al. (45) 
have reported the formation of a free radical in vitro 
by human cytochrome P-450 following incubation with 
halothane. 

Three of the 24 biopsies taken at the end of stage 
IV showed occasional foci of acute liver cell necrosis 
in the vicinity of the central veins. Two of the patients 
had received halothane, and of these one had a mod- 
erately fatty liver (obese patient) and the other had 
nonspecific reactive changes. The third patient, who 
was obese and received enflurane, had only mild fatty 
change in the liver biopsy. All three had postoperative 
elevations of plasma ALT above the normal range and 
one halothane patient also had an elevated bilirubin 
level. Acute liver cell necrosis is well recognized in 
liver biopsies taken after abdominal surgery and is 
seen after a wide variety of volatile and nonvolatile 
anesthetic agents; the injury is though to be due to 
intrahepatic hypoxia rather than direct hepatic trauma 
(46). 

Three other group I patients (two obese), five other 
group II patients (one obese), and three group II 
patients (one obese) also had postoperative elevation 
of plasma ALT above normal but did not have acute 
liver cell injury recognizable by light microscopy. Only 
one of the seven obese patients studied did not have 
a postoperative elevation of ALT above normal, al- 
though in this one patient both liver biopsies showed 
marked fatty change. There was no obvious correla- 
tion between the nature and severity of the under- 
lying liver pathology and the extent of the postop- 
erative ALT elevation. 

Hepatocytes in the region of the central veins con- 
tain more smooth endoplasmic reticulum (SER) and 
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cytochrome P-450 than hepatocytes in other regions 
of the liver lobules (47); heterogeneity of liver cell 
structure and function is thought to be an important 
factor in the pathogenesis of drug hepatotoxicity. Early, 
experimental liver cell injury associated with agents 
such as halothane is seen in the centrilobular region 
of the liver and liver cell enlargement due to hydropic 
degeneration is one of the early manifestations of in- 
jury. However, our morphometric study did not re- 
veal any change in hepatocvte size after anesthesia 
with either halothane or enflurane. The results dem- 
onstrated that hepatocyte and nuclear sizes are con- 
sistent across the lobule of the human liver. The val- 
ues of hepatocyte and nuclear volumes in the present 
study are comparable to thos2 of Rohr et al. (48), who 
reported hepatocyte and nuclear volumes of 11,000 
pm? and 800 um?, respectively. 

It is possible that structural changes may have oc- 
curred but they were not visible by light microscopy. 
A recent ultrastructural study described swelling of 
rough endoplasmic reticulum (RER) and proliferation 
of smooth endoplasmic reticulum (SER) in all seven 
patients who received halothane; a similar change 
also was seen in one of five patients who received 
enflurane. These changes were not seen in any of 
the patients who received nitrous oxide—barbiturate— 
opioid anesthesia (49). The authors did not state 
whether they compared cells from the centrilobular 
regions before and after anesthesia; liver biopsies 
showing underlying patholagy were excluded from 
their study. Swelling of RER and proliferation of SER 
were considered to be toxic changes, although the 
latter may be observed following exposure to a variety 
of drugs. A carefully designed morphometric study 
of ultrastructural changes in “normal” livers after 
halothane anesthesia is needed to determine whether 
“toxic changes” do indeed occur. 

In summary, this study demonstrates that reduc- 
tive biotransformation of halothane (as evidenced by 
the formation of the metabolites CDF, CTF, and in- 
organic fluoride) occurs in patients undergoing rou- 
tine anesthesia with halothane under conditions of 
normoxia. Although the patients studied did not de- 
velop clinical evidence of jaundice, the results suggest 
that reductive metabolism, albeit to a minor extent, 
is associated with transient changes in hepatocellular 
function. 
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FORSTER A, JUGE O, LOUIS M, MAHORY A. Effects of 
a specific benzodiazepine antagonist (RO 15-1788) on 
cerebral blood flow. Anesth Analg 1987;66:209-13. 


RO 15-1788, a specific benzodiazepine antagonist, although 
it effectively antagonizes the clinical effects of benzodiaze- 
pines (i.e., sedation and amnesia), can also induce subjective 
agonist effects such as sedaticn or inverse agonist effects 
such as anxiety. The purpose of this study was to investigate 
in seven healthy volunteers the effect of RO 15-1788 on 
cerebral blood flow when intravenously injected alone or 
with midazolam and to compare its effects with midazolam 
administered alone. Cerebral blood flow was measured with 
the "xenon inhalation technique and the drugs were ad- 
ministered simultaneously in a double-blind, randomized 
fashion during the four fcllowing sessions: 1) pla- 
cebo—placebo; 2) midazolam—placebo; 3) RO 15-1788—placebo; 


Benzodiazepines are known to produce in humans 
(1-3) and in animals (4—5) a decrease in cerebral blood 
flow (CBF) that is related to a reduction in cerebral 
oxygen consumption (CMRO3) (4,6). In clinical prac- 
tice, since benzodiazepines have cerebrovascular 
properties similar to those of barbiturates, they are 
administered as an alternative to induction of anes- 
thesia in patients with increased intracranial pressure 
or to sedation in neurosurgical intensive care patients. 
Recently, a new class of benzodiazepines, the im- 
idazodiazepines, was developed that have specific 
benzodiazepine antagonist properties. Among these, 
RO 15-1788 (RO) was selected for clinical trials (7). 
The efficacy of RO in antagonizing the agonist ef- 
fects of benzodiazepines (e.g., sedation or amnesia) 
has been demonstrated in humans (8,9) without im- 
portant side effects. However, inverse agonist effects 
of the drug, such as anxiety, have been described in 
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4) midazolam—RO 15-1788. No difference in cerebral blood 
flow was noted between the placebo—placebo, the RO 15- 
1788~—placebo, and the RO 15-1788—midazolam sessions— 
although midazolam injected alone decreased cerebral blood 
flow by 30%. The sedation, amnesia, and the electroenceph- 
alograph (EEG) and muscle tone changes observed with 
midazolam—placebo were not present during the RO 15- 
1788~-placebo and RO 15-1788—midazolam sessions. This 
study demonstrates the absence of effects of RO 15-1788 on 
cerebral blood flow when injected alone and the efficacy of 
this new drug in antagonizing the depressant effects of mid- 
azolam on cerebral hemodynamics. 


Key Words: HYPNOTICS, BENZODIAZEPINE—antag- 
onist. ANTAGONISTS, MIscELLANEOQUS—benzodi- 
azepines. BRAIN-—blood flow. 


humans (10) as well as in animals (11). Subjective 
slight agonist effects of RO have also been noted in 
human studies (9,12) but objectively demonstrated in 
animal studies only (13). 

The evaluation of the cerebrovascular effects of RO 
is clinically relevant: if RO decreases or does not change 
CBF, it could be safely administered in neurosurgical 
patients to reverse benzodiazepines at the end of an 
operation or to allow differential diagnosis of a coma 
in which benzodiazepines could be implicated; if RO 
increases CBF, it would be contraindicated in patients 
with potentially increased intracranial pressure. 

The purpose of the present study is to evaluate the 
effect of RO on CBF, when administered alone or in 
association with midazolam, in order to determine, 
first, if RO antagonizes the decreased CBF induced 
by midazolam and, second, if the subjective side ef- 
fects observed after administration of RO alone (anx- 
iety/dizziness) were associated with changes in CBF. 


Patients and Method 


seven healthy male volunteers, mean age 36 + 5 yr 
(mean + SD) and mean weight 73 + 9 kg, were stud- 
ied after informed consent and approval of the pro- 
tocol by the Committee of Ethics in Human Research 
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Table 1. EEG and EMG Findings After Administration of the Drugs 


Placebo + placebo 


EEG amplitude (4V) 45.1 + 16 

f EEG (Hz) 10.1 + 1.1 

EMG (uV) 68 + 16 

Depth of sleep Stage 0 
n 7/7 


Midazolam + placebo RO + placebo Midazolam + RO 
28 + 9 46 + 10 43 + 19 
16.8 £+ 2.0" ILEA 23 10.0 + 1.5 
15 + 11° 67 + 10 68 + 16 
Stage I Stage I Stage I 
7/7 3/7 2/7 


Abbreviations: f EEG, frequency of electroencepha_ographic waves; EMG, electromyogram. 


*P < 0.01 when compared with three other sessions. 


of our institution were obtained. Each subject was 
studied during four sessions that were randomized 
and separated by at least 3 days. During each session, 
subjects simultaneously received, in a double-blind 
fashion, two drugs in two different intravenous lines 
at the dosages indicated as follows: 


Session 1: Placebo and placebo (10 mi NaCl 0.9%). 


Session 2: Midazolam (0.15 mg/kg diluted in 10 ml 
NaCl 0.9%) and placebo. 


Session 3: RO (0.1 mg/kg diluted in 10 ml NaCl 
0.9%) and placebo. 


Session 4: Midazolam (0.15 mg/kg) and RO (0.1 
mg/kg). 


Electrocardiogram and end-tidal CO, (FEco,) were 
continuously monitored throughout the study. Ar- 
terial blood pressure was measured each minute with 
a noninvasive automatic device (Dinamap®). The CBF 
was measured with the “xenon inhalation technique 
(14). Twenty-four xenon detection probes were used, 
fixed on a plastic helmet directed toward both the 
middle cerebral artery and the posterior cerebral] ar- 
tery distribution bilaterally. 

Using a closed breathing circuit, 4-5 mCi of xenon 
was inhaled through a face mask during a 1-min sat- 
uration period. An open circuit was utilized during 
the desaturation period, which lasted 10 min. 

End-tidal *°xenon was monitored by continuous 
aspiration of gas samples through a small catheter 
placed within the mask at the rate of 1.5 L/min. The 
same catheter was also used for end-tidal CO, mea- 
surements. 

The CBF was averaged from the 24 desaturation 
curves from which were calculated F,, which repre- 
sents the fast compartment flow, and the ISI, (initial 
slope index of Risberg), which represents a cambi- 
nation of fast and slow flow compartments (14). 

For technical reasons, CBF could not be measured 
in subject 7 when given RO and placebo or in subject 
4 when given midazolam and RO. Because of an ir- 
regular breathing pattern induced by midazolam, F; 
could not be calculated in subjects 3 and 5 during the 
midazolam-—placebo session. 


To measure sleep during the experiment without 
stimulating the subjects, a six-lead electroencepha- 
logram (EEG) was continuously recorded and the 
changes induced by the different drugs were evalu- 
ated in a blinded fashion as the depth of sleep (15) 
as follows: 


Stage 0: Wakefulness; low voltage and mixed fre- 
quency 
Stage I: Appearance of alpha waves 


Stage I]: Appearance of sleep spindles and k com- 
plex 


Stage I-IV: Appearance of delta waves 
Stage V: REM sleeplike Stage I plus sawtooth waves 


An electromyogram (EMG) electrode was applied 
on the chiri of each subject in order to evaluate changes 
in jaw muscle tone. 

At the end of the CBF measurements, neurobe- 
havioral status and anterograde amnesia were eval- 
uated and the subjects were encouraged to describe 
their feelings. The degree of sedation was subjectively 
assessed by one of the authors as follows: 


1. Subject spontaneously awake. 

2. Subject sleepy but rousable on verbal command. 
3. Subject sleepy but rousable on tactile stimulation. 
4. Subject asleep and unarousable. 


Anterograde amnesia, defined as a lack of recall of a 
three-digit number and of an object presented to the 
subject 1 min earlier, was evaluated every 2 min. 

The volunteers fasted at least 6 hr before the study, 
which always took place at the beginning of the after- 
noon. Once the subjects were placed in the supine 
position, with the cardiac monitoring in place, a small 
IV cannula was inserted in each hand and a perfusion 
of NaCl 0.9% running at the rate of 100 mi/hr was 
started. A mask that allowed inhalation of “xenon 
and monitoring of end-tidal CO; was then applied on 
the volunteer's face. After a 10-min adaptation period, 
two of the three drugs studied were injected over a 
15-sec period, one in each hand, according to the 
sessions. Two minutes after the injections, CBF mea- 
surements were started. 
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Table 2. Baseline Values and Largest Changes (A) in Mean Arterial Blood Pressure, Heart Rate, and FEco, After 


— 


Administration of the Drugs 


Placebo + placebo 


Baseline 86 +7 89 + 7 
(mm Hg) 
ABP -3 + 0.5 -10 + 4 
Baseline 68 + 12 66 + 7 
(bts/min) 
AHR -1 + 1.5 +7 = 3° 
Baseline 41 + 3 40. 5 
(mm Hg) 
AFEco> +1 + 0.2 +3.5 + 0.37 


Midazolam + placebo 


RO + placebo Midazolam + RO 


85 + 8 85 + 6 
=f 2-4 =f 2D 
64 + 2 69 + 12 
—5 + 2° +1 + 10 
At + 4 40 + 4 
+1.5 + 0.2 +1 + 1.0 


I om 


Abbreviations: BPgp, mean arterial blood pressure; HR, heart rate. 
ap < 0.05, statistically different from baseline value. 
bP < 0.01, statistically different from baseline value. 


All the data are expressed as means + SD. The data 
between the different sessions were compared with 
a one-way analysis of variance for repeated measure- 
ments and the differences were detected with the test 
of Duncan, P < 0.05 being considered statistically 
significant. 

For the CBF measurements, analysis of variance 
for repeated measurement was performed only with 
the variables obtained during the four sessions for all 
the subjects; i.e., three volunteers for F, and five for 
ISI. 


Results 
Neurobehavioral Status 


During the midazolam—placebo session, at the end of 
CBF measurements, all subjects were sleepy but rous- 
able on verbal command and had anterograde am- 
nesia that lasted 53 + 15 mins. During the three other 
sessions, none of the subjects were asleep at the end 
of the experiment, nor did they have the feeling of 
having slept; memory tests showed no anterograde 
amnesia in any of the volunteers. Retrograde amnesia 
was never noted throughout the study; all the vol- 
unteers were able to describe the events occurring in 
the investigation room before the injections. How- 
ever, when RO was administered alone or in asso- 
ciation with midazolam, all subjects expressed a feel- 
ing of anxiety and slight discomfort, such as dizziness. 


EEG and EMG 


Changes in EEG and EMG are indicated in Table 1. 
Muscle tone decreased in six of the seven volunteers 
during the midazolam—placebo session (the mean am- 
plitude passing from 68 + 16 uV to 15 + 11 uV). It 
remained stable when placebo and RO were admin- 
istered alone and decreased only in one subject when 


midazolam was associated with RO. All the subjects 
were in sleep stage II during the midazolam—placebo 
session whereas, when RO was administered alone, 
four volunteers were in stage 0 and three in stage I, 
and when RO was given with midazolam, five were 
in stage 0 and two in Stage I. A significant increase 
in EEG frequency and decrease in EEG amplitude 
were noted only during the midazolam—placebo ses- 
sion; during the RO-placebo and midazolam—placebo 
sessions, no changes from baseline were observed. 


Hemodynamic and FEco, 


The hemodynamic and FEco, data measured during 
the four sessions are summarized in Table 2 where 
the baseline values and the biggest changes observed 
are indicated. The baseline data were similar in all 
groups, with the only significant changes in blood 
pressure and FEco, occurring during the midazo- 
lam—placebo session, where mean arterial blood pres- 
sure decreased by 10 + 4mm Hg and FEco, increased 
by 3.5 + 0.3mm Hg. Heart rate increased significantly 
only in the midazolam—placebo session and decreased 
significantly when RO was associated with placebo. 


Cerebral Blood Flow 


Individual and mean CBF data are presented in Table 
3. When compared with the placebo—placebo session, 
the only significant changes (P < 0.01) were noted in 
the midazolam—placebo session when F, decreased in 
all subjects (mean decrease 34%) and ISI; in six of the 
seven volunteers (mean decrease 22%). RO alone 
produced variable individual changes, with a slight 
increase in CBF observed in subjects 1 and 3 and a 
slight decrease in subjects 2-4, and with CBF re- 
maining stable in subjects 5 and 6; mean values of 
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Table 3. Individual and Mean CBF Values After Administration of Placebo, Midazolam (0.15 mg/kg), RO 15-1788 
(0.1 mg/kg), or a Combination of Midazolam and RO 15-1788 





Placebo—placebo Midazolam—placebo RO~placebo Midazolam—RO 

Subjects F, ISI; F, ISI, F ISI, F; ISi: 
1 49.0 36.0 25.5 22.5 56.0 43.0 45.0 33.0 
2 60.0 46.0 29.0 25.0 45.5 40.0 73.0 51.5 
3 43.5 36.5 — 30.0 55.0 44.5 50.5 42.0 
4 55.0 41.0 45.5 40.0 51.0 38.0 — — 
5 74.0 53.0 = 45.0 75.0 53.0 73.5 57.0 
6 59.0 42.5 42.0 37.0 65.5 43.0 69.0 45.0 
7 73.0 54.0 54.5 40.5 — — 67.0 55.0 
Mean 59.1 44.1 39.3" 34.3" 58.0 43.6 63.0 47.3 
+ SD + 11.4 +7.3 12.0 + 8.5 +10.6 +93.2 +12.0 +9.0 

n 7 Z 5 7 6 6 6 6 


Abbreviations: F; (m}100 g~min~'), fast compartment flow; ISh, initial slope index. 


‘Statistically different (P < 0.01) from other groups. 


CBF after RO alone or placebo thus were similar. The 
association of midazolam and RO also produced min- 
imal changes; a slight increase in CBF was noted in 
five subjects and a slight decrease in one volunteer. 


Discussion 


The present study confirms the decrease in CBF 
produced by midazolam (3) and the efficacy of RO in 
antagonizing the clinical (8,4) and EEG (16) effects of 
midazolam. The absence of a decrease in CBF after 
midazolam in subject 4 is probably related to the rel- 
atively high increase in FEco, (+6 mm Hg) in that 
patient. When RO was associated with midazolam, 
none of the subjects became clinically sleepy or suf- 
fered from amnesia, and the increase in EEG fre- 
quency typically observed with midazolam alone (17) 
was not noted. However, three of seven patients after 
RO alone and two of seven after the association of 
RO-midazolam were in a Stage I of sleep according 
to the EEG whereas no volunteer was considered asleep 
after placebo. Although not statistically significant, 
these results are in contradiction to recent EEG studies 
showing that RO alone has a central activating effect 
(18). Our data also confirm the absence of cardiores- 
piratory effects of RO (9,10), since blood pressure and 
FEco, changes with RO were similar to those seen 
with placebo. However, RO did prdduce a significant 
decrease in heart rate when compared with placebo. 

Our results demonstrate that RO does not influ- 
ence CBF when injected alone, but totally antagonizes 
the depressive effect of midazolam on CBF, since dur- 
ing the RO—midazolam session CBF values were sim- 
ilar to those obtained during placebo—placebo. The 
latter results are similar to experimental data, dem- 
onstrating that RO or 3-hydroxymethvl-f-carboline, 
another benzodiazepines antagonist, reverses the de- 


crease in CBF produced by benzodiazepines (19,20) 
but are in contradiction to a recent study showing 
that physostigmine, which is known to reverse the 
sedation induced by benzodiazepines, or 3-carbo-t- 
butoxy-B-carboline, another benzodiazepine antago- 
nist, increases CBF and CMRO,; in rats (21). The mech- 
anism by which physostigmine produces its effect is 
still debated, but is understandable for B-carboline 
since this compound has an inverse agonist activity 
(22). 
Surprisingly, the discomfort and anxiety produced 
by RO when injected with placebo, which can be con- 
sidered an inverse agonist effect, were not associated 
with an increase in CBF, blood pressure, or heart rate. 
Similar observations have been noted in other studies, 
where intolerable anxiety after administration of RO 
did not produce changes in heart rate, blood pressure, 
or cardiac output (10), or where the action of mid- 
azolam on plasma catecholamine levels was reversed 
by RO without affecting hemodynamic stability (23). 

The clinical implication of this study is that the 
administration of RO to reverse the effects of ben- 
zodiazepines on CBF may be safe in patients whose 
intracranial pressure was normal before the admin- 
istration of benzodiazepines, since after reversal of 
midazolam, CBF values were similar to those obtained 
after placebo. Nevertheless, in patients with a poor 
intracranial compliance who have benefited from the 
cerebrovasoconstriction effect of benzodiazepines, RO 
could induce intracranial hypertension due to an in- 
crease in intracranial blood volume as CBF returns to 
values that existed prior to the administration of the 
benzodiazepines. 

The above applies to patients who have received 
benzodiazepines for only a short period, whereas in 
patients chronically treated with benzodiazepines, RO 
may provoke benzodiazepine withdrawal symptoms 
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(24), including epileptic seizures (25), that could in- 
crease CBF to values greater than those measured 
before administration of benzodiazepines. 

It seems likely that RO will reverse the CBF effects 
of other benzodiazepines, since it has been shown to 
be clinically effective with diazepam or flunitrazepam 
(25,4). However, further studies are needed to deter- 
mine the effect of RO on intracranial pressure in pa- 
tients acutely and chronically treated with benzodi- 
azepines. 


The authors thank Mr. Djaid Robertson and the technical personnel 
of the CBF laboratory for their excellent assistance and Mrs. Eliane 
Agrebi for typing the manuscript. 
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Alcuronium Pretreatment Attenuates Succinylcholine-Induced 
Increases in Plasma Catecholamine Concentrations in Humans 


Shuzo Oshita, MD, Hisashi Tamura, MD, Tsutomu Masuda, MD, Satoru Fukuda, MD, and 


Hiroshi Takeshita, MD 


OSHITA 5, TAMURA H, MASUDA T, FUKUDA S, 
TAKESHITA H. Alcuronium pretreatment attenuates 
succinylcholine-induced increases in plasma catecholamine 
concentrations in humans. Anesth Analg 1987;66:314-6. 


The effect of alcuronium given before succ:nylcholine (SCh) 
on plasma catecholamine concentrations, systolic blood pres- 
sure and heart rate was studied in patients anesthetized 
with enflurane. Twenty-one patients were divided into three 
groups; six control patients without SCh, eight SCh (1 
mg/kg) patients, and seven pretreated patients given alcu- 
ronium, 0.04 mg/kg, 5 min before SCh, 1 mg/kg. In the 


Among cardiovascular side effects of neuromuscular 
blocking agents, an increase in blood pressure and/or 
heart rate secondary to succinylcholine (SCh) admin- 
istration has considerable clinical importance in cer- 
tain patients. Although it has been reported that al- 
curonium given before SCh attenuates an increase in 
blood pressure in response to intubation with an aid 
of SCh (1), the study did not elucidate whether al- 
curonium pretreatment modified the effects of SCh 
alone or the combined effects of SCh and intubation 
on sympathetic activity. The present study was de- 
signed to examine the effects of alcuronium pretreat- 
ment on 5Ch-induced increases in plasma catechol- 
amine concentrations, systolic blood pressure and heart 
rate. 


Methods 


This study was approved by the hospital committee 
on ethics. Twenty-one patients scheduled for elective 
surgery (ages 20-60 yr), without symptomatic neu- 
romuscular or cardiovascular disease, were randomly 
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SCh group, mean plasma norepinephrine concentrations, 
systolic blood pressure, and heart rate significantly in- 
creased with onset of fasciculations, whereas in the pre- 
treated patients these variables did not change significantly 
and no fasciculation was observed. These results indicate 
that alcuronium pretreatment significantly attenuates the 
SCh-induced increases in plasma norepinephrine concen- 
trations, systolic blood pressure and heart rate. 


Key Words: NEUROMUSCULAR RELAXANTS— 
succinylcholine, alcuronium. SYMPATHETIC NER- 
VOUS SYSTEM—catecholamines. 


assigned into one of three groups: six patients re- 
ceived intravenous physiologic saline, 3 ml (saline 
group); eight patients received intravenous SCh, 1 
mg/kg (SCh’ group); seven patients received intrave- 
nous alcuronium, 0.04 mg/kg, 5 min before SCh, 1 
mg/kg (pretreatment group). 

Premedication consisted of scopolamine, 0.008 
mg/kg, given intramuscularly 30 min before induction 
of anesthesia. Prior to induction, under local anes- 
thesia with 0.5% lidocaine, 22-gauge catheters were 
placed both in the superficial dorsal vein for infusion 
of drugs and lactated Ringer’s solution and in the 
radial artery for collection of blood samples. Anes- 
thesia was induced with thiopental, 3 mg/kg, fol- 
lowed by inhalation of 3% enflurane in oxygen. Ven- 
tilation was controlled without intubation throughout 
the study. The time between the administration of 
thiopental and that of either saline or SCh was 15 min 
in all groups. Samples of arterial blood for measure- 
ment of plasma norepinephrine (NE) and epinephrine 
(E) concentrations were drawn immediately before 
(baseline) and 1, 4 and 10 min after SCh. At the same 
time intervals, systolic blood pressure and heart rate 
were measured. Samples for the analyses of plasma 
catecholamine concentrations (5 ml) were immedi- 
ately placed in capped containers with EDTA-2Na, 
then stored on ice and centrifuged within 15 min. The 
decanted plasma was stored at — 40°C until analyzed 
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Table 1. Arterial Blood Gas Tensions and Plasma Enflurane and Potassium Concentrations 





Pao, Paco: 
(mm Hg) (mm Hg} 

Saline group (n = 6) 

Baseline 587 + 28 38 + 1 

4 min 566 + 26 40 +1 

1d min 544 + 29 41 +1 
SCh group (n = 8) 

Baseline 558 + 22 36 + 2 

4 min 568 + 24 40 +4 

10 min 845 + 31 39 + 4 
Pretreatment group (n = 7) 

Baseline S77 = 17 36 + 1 

4 min 564 + 18 40 +2 

10 min 545 + 18 38 + 2 


Values are means +SEM. 


for NE and E using high-performance liquid chro- 
matography (Shimadzu LC-1, Japan) with electro- 
chemical detection (Bioanalytical System LC3A, USA) 
(2). Briefly, this method used 200 pg dihydroxyben- 
zylamine as an internal standard and the catechol- 
amines were eluted with 0.1 M perchloric acid. The 
lower limit of detection of the assay for the catechol- 
amines was approximately 20 pg/ml, with an overall 
coefficient of variation of 5-10%. Arterial samples (3 
ml) for the analyses of blood gas tensions and plasma 
enflurane and potassium concentrations were col- 
lected in separate syringes immediately before (base- 
line), and 4 and 10 min after SCh. 

Statistical analysis was performed using the one- 
way analysis of variance (ANOVA, F ratio) with crit- 
ical-difference testing. P < 0.05 was considered sta- 
tistically significant. 


Results 


The three groups were similar with respect to sex 
distribution and age. The results of blood gas anal- 
yses, plasma enflurane and potassium concentra- 
tions, plasma NE and E concentrations, systolic blood 
pressure and heart rate are shown in the tables. There 
were no significant differences from baseline in the 
factors known to cause changes in plasma catechol- 
amine concentrations, i.e., PaO}, Pacoz, plasma en- 
flurane, and potassium concentrations, suggesting that 
these variables remained stable throughout the study 
(Table 1). 

As shown in Table 2, in the SCh group, the mean 
plasma NE concentrations increased and reached the 
maximum (P < 0.05) at 4 min, then declined to the 
baseline levels 10 min after SCh. The mean plasma E 


Plasma enflurane Plasma potassium 
concentrations concentrations 

pH (mg/dl) (mEq/L) 
7.39 + 0.01 15.7 + 0.6 3.4 + 0.1 
7.38 + 0.01 15.9 + 0.4 3.6 + 0.1 
7.37 + 0.01 16.6 + 0.9 3.6 + 0.1 
7.43 + 0.02 15.5 + 1.5 3.6 + 0.1 
7.41 + 0.03 16.4 + 1.4 3.9 + 0.2 
7.41 + 0.03 17.1 + 1.4 4.0 + 0.2 
7.38 + 0.02 17.0 + 1.2 3.6 + 0.1 
7.35 + 0.02 17.2 = 1.6 37 æ 01l 
7.35 + 0.02 18.0 + 1.6 3.8 + 0.1 


concentrations also increased, but the change did not 
reach statistical significahce. The mean systolic blood 
pressure and heart rate increased after SCh and reached 
the maximum (P < 0.05) at almost the same time that 
fasciculations became fully developed, i.e., approxi- 
mately 1 min after SCh. In contrast, there were no 
significant increases in plasma catecholamine concen- 
trations, systolic blood pressure and heart rate, and 
no fasciculation occurred in response to SCh in the 
pretreatment group. 


Discussion 


Our results show that alcuronium pretreatment sig- 
nificantly attenuates the SCh-induced increases in 
plasma NE concentrations, systolic blood pressure, 
and heart rate. It is known. that SCh, like acetylcho- 
line, has a transient agonistic with a subsequent de- 
sensitizing action on the nicotinic receptors, and that 
alcuronium competitively blocks the action of acetyl- 
choline on nicotinic receptors (3,4). Although nico- 
tinic receptors distribute in the central nervous sys- 
tem, adrenal medulla, neuromuscular junction and 
sympathetic ganglia (3), it is unlikely that nicotinic 
receptors of the central nervous system and adrenal 
medulla played a significant role in the increases in 
plasma NE concentrations observed in the SCh group 
of the present study. This belief may be supported 
by the following facts. SCh has no effect on the central 
nervous system because of its inability to penetrate 
the blood-brain barrier in normal adults (4), and also 
has no effect on catecholamine release from isolated 
bovine adrenal medulla (see Figure 6 of reference 5). 

SCh-induced fasciculations and the significant in- 
creases in systolic blood pressure and heart rate, both 


316 ANESTH ANALG 
1987;66:314-6 


Table 2. Plasma Norepinephrine and Epinephrine Concentrations, Systolic Blood Pressure, and Heart Rate 


Plasma 
norepinephrine 
concentrations 
(pg/ml) 
Saline group (n = 6) 
Baseline 196 + 42 
1 min 200 + 39 
4 min 210 + 38 
10 min 177 + 31 
SCh group (n = 8) 
Baseline 193 + 23 
1 min 269 + 41 
4 min 334 + 48 
10 min 210 + 27 
Pretreatment group (n = 7) 
Baseline 149 + 25 
1 min 157 + 22 
4 min 156 + 29 
10 min 165 + 30 


Values are means £ SEM. 
“Significantly different from control (P < 0.05). 


of which were transient and observed at almost the 
same time in the SCh group, represented the initial 
agonistic action of SCh on the nicotinic receptors at 
both the neuromuscular junction (4) and the sym- 
pathetic ganglia (3). Nigrovic et al. also reported in 
their review that intravenous administration of SCh 
significantly increases plasma NE concentrations, and 
postulated that SCh might stimulate the nicotinic re- 
ceptors on postganglionic sympathetic terminals, 
leading to explosive release of NE (6,7). Although the 
present study does not permit us to evaluate any pos- 
sible interaction between SCh and alcuronium at the 
receptor level, it is highly possible that alcuronium, 
administered 5 min before SCh, combined with the 
nicotinic receptors both at the neuromuscular junction 
and the sympathetic ganglia prior to SCh and blocked 
the agonistic action of SCh on these receptors. If so, 
similar results would be expected when patients are 
pretreated with d-tubocurarine, which has a slightly 
greater blocking action than alcuronium on sympa- 
thetic ganglia, but not with pancuronium, vecuron- 
ium or atracurium, which are not known to have sym- 
pathetic ganglion blocking action (8). 

The magnitude of increases in plasma NE concen- 
trations and the absence of significant increases in 
plasma E concentrations after SCh during enflurane 
anesthesia in our SCh group were similar to the re- 
sults obtained during halothane-nitrous oxide anes- 
thesia (6), suggesting that there is na difference in 
catecholamine release by SCh in both anesthetic cir- 
cumstances. 
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Plasma 

epinephrine Systolic blood 

concentrations pressure Heart rate 
(pg/ml) (mm Hg) (beats/min) 
62 + ll 92 + 4 743 
66 + 16 9&3 77 + 2 
66 + 14 87 + 3 fo ene 
59 + 10 89 + 4 P2222 
92 + 12 9 +4 7624 
126 + 35 114 + 6 96 + 6 
136 + 31 108 + 4 85 + 4 
117 + 35 92 + 3 1225 
68 + 14 95 + 5 77 + 6 
71 + 17 94 + 3 7 45 
66 + 19 9% +5 78 + 6 
66 + 18 84 +2 73 + 6 


In summary, 5Ch-induced increases in plasma NE 
concentrations, systolic blood pressure and heart rate 
were significantly attenuated by prior administration 
of alcuronium. 
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In the present study, the antinociceptive effects of intrathecal 
injections of the a,-adrenoceptor agonists clonidine and 
guanfacine in rats was determined to establish their dose- 
response curves. Spinal cord tissue concentrations were also 
determined in a separate group of animals. Guanfacine was 
found to be more potent than clonidine and had a consid- 
erably longer duration of action. Thus, whereas the analgesic 
effect of clonidine declined to baseline by 4 hr after injecting 
doses of up to 50 ug, guanfacine still showed a considerable 
effect 18 hr after injecting botk 25 and 50 ug. With both 
compounds, concentration gradients existed within the spinal 
cord, In the experiments with guanfacine, the region in the 
spinal cord tissue with the highest concentrations 10 min 


Pain relief from the epidural or intrathecal adminis- 
tration of opiates has become an accepted clinical pro- 
cedure. In addition, reports have recently appeared 
that suggest that epidural or intrathecal a-adrenocep- 
tor agonists may also be useful analgesic agents for 
the relief of pain. Spinal a-edrenoceptor agonists 
probably produce pain relief by activating segmen- 
tally located receptors in the descending noradre- 
nergic systems (1,2). Thus, intrathecal noradrenergic 
agonists (3-8) have antinociceptive effects. Recently, 
it was demonstrated clinically that the relatively se- 
lective az-adrenoceptor agonist clonidine has anal- 
gesic effects (9-11). When injecting drugs into the 
intrathecal space, a number of factors affect penetra- 
tion into the adjacent tissues, redistribution from the 
site of action, elimination to the systemic circulation, 
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after injection contained around 30 pmol/mg wet weight. 
At 3 hr, this figure was around 20 pmol/mg. With clonidine, 
on the other hand, the concentration decreased from the 
maximal level of 200 pmol/mg at 10 min to 10 pmol/mg at 
3 hr. On all occasions, except 10 min after injecting clo- 
nidine, it was found that the maximal tissue concentrations 
for both drugs remained below the cervical spinal cord, i.e., 
the rostral spread was less than expected, especially with 
drugs with such a long duration of action. The present 
investigation demonstrates analgesic effects of both clonidine 
and guanfacine after intrathecal administration, with guan- 
facine proving more potent and longer acting; the difference 
in duration of action is probably attributable to differences 
in rates of elimination of the drugs from spinal cord tissue. 


Key Words: PHARMACOLOGY-—guanfacine. SYM- 
PATHETIC NERVOUS SYSTEM, a@-ADRENOCEPTOR 
AGONIST—clonidine, guanfacine. SPINAL CORD— 
clonidine, guanfacine effects. 


and thus the rate of onset and duration of action (for 
review see 12). For the opiate drugs, the pharmaco- 
kinetical aspects of intrathecal administration have 
been characterized fairly well, and the duration of 
analgesia in both animals and humans after injection 
of opioid drugs is inversely related to the lipophilic 
properties of the substances (13-16). 

The present investigation was undertaken, first, to 
study the antinociceptive effects of the a2-adrenocep- 
tor agonists guanfacine and clonidine after intrathecal 
injection in rats, and, second, to quantify the rela- 
tionships among antinociceptive effects, tissue dis- 
tribution, and duration of action. 


Materials and Methods 
Animals 


Male Sprague-Dawley rats weighing 280-300 g were 
used. They were kept in animal rooms thermostati- 
cally maintained at 20°C with artificial lightings for 12 
hr/day from 06.00 to 18.00 hr and housed in groups 
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of five rats per cage for 5-7 days before being operated 
upon. 


Surgical Procedure 


The animals were anesthetized by using an intraper- 
itoneal injection of an aqueous solution containing 
chloral hydrate, 42.5 g/L; ethanol, 90 g/L; propylene 
glycol, 428 g/L; sodium pentobarbital, 9.75 g/L; and 
magnesium chloride, 21 g/L. A catheter was placed 
in the lumbar subarachnoid space, as described pre- 
viously (17). In brief, a PE10 polyethylene catheter, 
stretched to double its length, was inserted into the 
spinal subarachnoid space via the cisterna magnum. 
At postmortem examination, it was found that the tip 
of the 8.5-cm catheter was in the Thi3-L1 region. All 
animals included in the study had normal motor be- 
havior and were allowed to recover for 5-7 days after 
operation before the drugs were injected intrathe- 
cally. 


Injection Procedure 


For the distribution experiments, guanfacine (Sandoz) 
and clonidine (Boehringer-Ingelheim) were injected 
in doses of 6 and 12.5 ug, respectively, dissolved in 
a volume of 10 ul 0.9% saline. “C-Guanfacine (syn- 
thesized at Astra Laboratories) and 3H-clonidine (New 
England Nuclear) were added to the drug solutions 
in a quantity of 0.1 aCi for “C-guaniacine and 1.0 
pCi for *H-clonidine. After the drug solutions were 
injected, 15 yl saline was injected to flush the cath- 
eters. For testing the antinociceptive effects, separate 
groups of animals were injected with clonidine and 
guanfacine at the doses indicated in Figures 1—4. Con- 
trol rats were given 25 ul 0.9% saline. Different groups 
of animals were used for testing antinociceptive ef- 
fects and spinal cord tissue concentrations of guan- 
facine:and clonidine. 


Nociceptive Testing 

Before the nociceptive tests were performed, the an- 
imals were adapted to the test situations on three 
consecutive days by placing them on the plate to be 
used for hot plate testing while it was at room tem- 
perature and by putting them into the plastic re- 
strainer used in the tail-flick test. 

For the hot plate test (18), a heated aluminum sur- 
face, maintained thermostatically at 58°C, was used. 
The animals were confined to the plate by a Plexiglas 
container. The reaction defined as a nociceptive re- 
sponse was hind-paw lick or vigorous stepping or 
shaking of the hind legs. The reaction latency under 
baseline conditions was normally in the range of 4-5 
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sec. A cutoff time of 30 sec was used in the absence 
of a response. 

The tail-flick test (19) was performed by directing 
a concentrated light beam at the tip of the tail at an 
intensity sufficient to produce heat. The time to onset 
of flicking of the tail was taken as latency. A cutoff 
time of 10 sec was used to avoid tissue damage. 


Preparation of Tissue Samples 


At the times indicated in Figures 5 and 6, separate 
groups of animals injected with radioactively labeled 
guanfacine or clonidine were anesthetized with pen- 
tobarbital (60 mg/kg, intraperitoneally). The spinal 
column was dissected free and the cord, exposed after 
bilateral laminectomy, carefully excised after cutting 
the spinal nerve roots. The tissue was then divided 
into 5-mm-long segments, each weighing 20-40 mg. 


Measurement of Tissue Concentrations 


Each segment was weighed and digested in 1.0 ml 
Soluene 350 (Packard Instruments) at 50°C. A volume 
of 10 ml toluene with Permablend (Packard Instru- 
ments) was added to a concentration of 5.5 g/L when 
the tissue was fully solubilized, and the radioactivity 
determined in a Packard 2430 liquid scintillation 
counter. 


Thin Layer Chromatography 

To ascertain that the radioactivity represented parent 
compounds and not metabolites, thin layer chroma- 
tography (TLC) was performed. Spinal cords were 
excised as described above from animals injected with 
6 ug guanfacine and sacrificed 1 hr later. The cords 
were cut into small pieces and homogenized in 2 ml 
of water using a Sonifier cell disrupter equipped with 
a microtip. The homogenate was acidified (pH 1) with 
1M HCI and extracted with chloroform 3 x 5 ml. The 
extraction procedure was repeated at pH 10. The or- 
ganic phases were dried over anhydrous sodium sul- 
fate, filtered, and evaporated under nitrogen to dry- 
ness. The residues were dissolved in 2 ml ethanol and 
aliquots measured for radioactivity content. 

Some material remained undissolved in the ethanol. 
The solution was therefore transferred to new vials, 
evaporated to dryness,.and the residue dissolved in 
100 wl chloroform. This solution was then passed 
through a silica plug, which was eluted with chlo- 
roform and ethanol. The eluates containing radioac- 
tivity were analyzed by TLC. The samples from the 
extraction procedure were analyzed in a Packard Tri- 
Carb 460 liquid scintillation counter. Samples of the 
fractions containing radioactivity were applied on 
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300 
Figure 1. Antinociceptive effects of guan- 250 
facine after intrathecal administration of 
doses of 0, 3, 6, 12.5, 25, and 50 ug. The 
effects were determined 10 and 60 min = 


after injection and are expressed as me- 
dians + quartiles from four to six animals f 
per group. Note an increased antinocicep- 

tive effect with 3 ug between 10 and 60 5 450 
min. The differences between the saline 

(SAL) and guanfacine groups were statis- f 
tically significant (P < 0.02; Mann-Whit- 
ney U-test) as indicated by asterisks with 100 
doses of 6 ug and above at 10 min and 
with doses of 3 wg and above at 60 min. 
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Figure 2. Time-response curves for anti- 
nociceptive effects after intrathecally ad- oe 
ministered guanfacine in doses of 0, 12.5, 

25, and 50 wg. The results are expressed 

as medians + quartiles from four to six 
animals per group, and statistical signifi- i 
cance (P < 0.02; Mann-Whitney U-test)is 4 
indicated by asterisks. This experiment was 
performed in different animals than those f 
used in Figure 1. The difference between 
saline and guanfacine was statistically sig- 
nificant for the 25 and 50 ug groups at 10, 

180, and 240 min and 18 hours, and the 

12.5 pg group was statistically signifi- 
cantly different from the saline group at 

60 and 120 min. 


ed, 


g 


Polygram SilG/UV254 5 x 20-cm plates (Macherey- 
Nagel) or Kieselgel 60F-254 10 x 20-cm plates 
(Merck). The plates were eluted in three solvent sys- 
tems: 1) EtOAc/MeOH/H,0 (83/2); 2) CHCI,/EtOH, 
NH,OH (80/20, ten drops); 3) CHCl;/CH;COOH/ 
CHOH (40/4/3). The plates were scanned for radio- 
activity in a Berthold automatic TLC linear analyzer 
connected to a microcomputer. 


Statistical Calculations 


Pairwise testing of statistically different antinocicep- 
tive effects and tissue concentrations between the sa- 
line and dose groups and time groups, respectively, 
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was performed with the Mann-Whitney U-test (20). 
A value of P < 0.02 was considered statistically sig- 
nificant. 


Results 

Antinociceptive Effects 

Acute intrathecal administration of neither clonidine 
nor guanfacine produced antinociceptive effects in the 
hot plate test. In the tail-flick test, guanfacine, at the 
10-min interval, had a significant antinociceptive ef- 
fect (as measured from the percent of pretest response 
latencies) as shown in comparison with the saline 
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group in doses of 6 wg and above (Fig. 1). No gross 
motor or behavioral effects were observed. After 60 
min, a significant antinociceptive effect was observed 
in doses of 3 wg and above (Fig. 1). Again, no motor 
or behavioral effects were observed. 

The antinociceptive effects of the 25 wg and 50 ug 
doses of guanfacine were long acting (Fig. 2), sig- 
nificant antinociceptive effects still being present for 
18 hr after administration. The apparently greater ef- 
fect of the 25 ug dose as compared with the 50 ug 
dose of guanfacine was due in part to the fact that 
both doses had almost maximal effects, with a 10-sec 
latency, lasting up to 240 min, and in part to the fact 
that in the 50 wg group one rat had a faster reaction 
time than the others, all of which were nonresponders 
in the tail-flick test. The difference between the two 
groups was, furthermore, not statistically significant. 
The antinociceptive effects of the 12.5 ug dose were 
present at 180 min but not at 240 min. 

With clonidine, a significant antinociceptive effect 
was present with doses of 6 ug and above whereas 
after 60 min a significant antinociceptive effect was 
seen only with doses of 12.5 ug and above (Fig. 3). 
Piloerection and sedation were obtained after doses 
of 25 ug and 50 wg. No motor effects were observed. 
The antinociceptive effects of the 12.5 wg and 50 ug 
doses were of similar duration, lasting up to 180 min 


(Fig. 4). 


Spinal Cord Tissue Concentrations 


When the tissue concentration of guanfacine was de- 
termined 10 min after injection of 6 ug, there was a 
concentration gradient over the spinal cord with the 
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Figure 3. Antinociceptive effects of clonidine after 

200 intrathecal administration of doses at 0, 6, 12.5, 25, 

and 50 ug. The effects were determined 10 and 60 

min after injection and are expressed as medians + 

so quartiles from four to six animals per group. The 

differences between saline (SAL) and clonidine were 

statistically significant (P < 0.02; Mann-Whitney U- 

test) as indicated by asterisks with doses of 6 ug 

100 clonidine and above at 10 min and with 12.5 ug and 
above at 60 min. 
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Figure 4. Time-response curves for antinociceptive effects after 
intrathecally administered clonidine in doses of 0, 12.5, and 50 pg. 
The results are expressed as medians + iles from four to six 
animals per group, and statistical significance (P < 0.02; Mann- 
Whitney U-test) is indicated by asterisks. This experiment was 
performed in different animals than those used in Figure 3. The 
differences between saline and clonidine were statistically signifi- 
cant for both groups between 10 and 180 min, with no significant 
differences between the groups 240 min after injection. 


maximum concentration, 33 + 5 (x + SEM) pmol/mg 
tissue, being four segments above the tip of the cath- 
eter. The most rostral five segments had a concentra- 
tion of 14 + 2 pmol/mg spinal cord, and the corre- 
sponding value for the most caudal five segments was 
21 + 2 pmol/mg (Fig. 5A). The concentration was 
slightly lower, but not statistically significant at 60 
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Figure 5. Spinal cord tissue concentration of guanfacine after in- 
jection of 6 ug radioactively labeled drug. The results are expressed 
as means + SEM from four to six animals sacrificed at 10 (A), 60 
(B), and 180 min (C) after drug administration. The tip of the 
catheter was at the lumbar enlargement as indicated by the arrow 
(the Thi3—L1 region), and the most rostral spinal cord tissue, seg- 
ment 15 in the figures, was taken from the cervical region (C1-C2). 
No statistically significant differences in segmental concentrations 
were found between 10 and 60 or between 60 and 180 mins. 
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min, the maximum being 19 + 3 pmol/mg (Fig. 5B). 
At this time, the highest concentrations were still found 
four to five segments rostrally from the tip of the 
catheter. Maximal concentrations 3 hr after injection 
were similar and statistically not significantly different 
from those found at 1 hr (Fig. 5C). In animals sacri- 
ficed 4 hr after injection, the concentration was 6.6 + 
2.4 pmol/mg in the fourth segment above the tip of 
the catheter, and the most cervical segment of the 
cord had a concentration of 0.94 + 0.92 pmol/mg (data 
not shown). The same pattern was found 8 hr after 
injection with a concentration of 5.9 + 1.5 pmol/mg 
and 1.1 + 0.5 pmol/mg in the fourth and most rostral 
segments, respectively. Sixteen hours after injection, 
radioactivity was present in the cord in the range of 
500-1000 DPM in the tissue samples with the highest 
concentrations, which was equivalent to a concentra- 
tion of 1.21 + 0.23 pmol/mg four segments above the 
injection site and 0.31 + 0.14 pmol/mg in the most 
rostral spinal cord specimen. 

In the animals injected with clonidine and sacri- 
ficed 10 min after injection, there was a large variation 
in concentration, with a maximum level of 218 + 78 
pmol/mg tissue (Fig. 6A). With animals sacrificed 60 
min after injection, the same profile was found as after 
guanfacine, with the highest concentration of 29 + 5 
pmol/mg in the second segment above the tip of the 
catheter (Fig. 6B). The decrease from 10 min to 1 hr 
was statistically significant in all segments except the 
most caudally located. At the time of the final mea- 
surement of tissue levels at 3 hr, the maximum con- 
centration, around 10 pmol/mg, was still found four 
to five segments above the tip of the catheter (Fig. 
6C); the most rostral segment at this time had a con- 
centration of between 1 and 2 pmol/mg. 

After injection of guanfacine, approximately 85% 
of the radioactivity was extractable from the tissue, 
and about equal amounts were found in the acidic 
and alkaline extracts. Only one TLC band containing 
radioactivity was found in the three systems, and it 
corresponded to the parent guanfacine. 


Discussion 


When injected intrathecally in the present study, both 
clonidine and guanfacine, as described elsewhere, 
produced antinociceptive effects (5,8,21) in rats as de- 
termined by the tail-flick test. Of the two compounds, 
guanfacine had a considerably longer duration of ac- 
tion than clonidine, and this finding was consistent 
with results showing that guanfacine was eliminated 
from the spinal cord tissue more slowly than cloni- 
dine. 

In the study by Reddy et al. (5), clonidine at a dose 
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Figure 6. Spinal cord tissue concentration of clonidine after injec- 
tion of 12.5 ug radioactively labeled drug. The results are expressed 
as means + SEM from four to six animals sacrificed at 10 (A), 60 
(B), and 180 min (C} after drug administration. The tip of the 
catheter was at the lumbar enlargement as indicated by the arrow 
(the Thi3—L1 region), and the most rostral spinal cord tissue, seg- 
ment 15 in the figures, was taken from the cervical region (C1-C2). 
The differences between 10 and 60 and between 60 and 180 min 
were Statistically significant (P < 0.02; Mann-Whitney U-test) as 
indicated by asterisks. 
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Table 1. Physicochemical Properties of Guanfacine and 
Clonidine and Degree of Ionization at pH 7.4 


Drug pKa log P % ionized?’ 
Guanfacine 7.9 0.8 76 


Clonidine 7.1 1.3 33 


Data from References 33 and 34. 

“Partition coefficient between n-octanoV/buffer at pH 7.4. The higher the 
value, the greater is the amount of uptake by the lipophilic n-octanol. 

"According to the Henderson-Hasselbalch equation, pKa = pH + 


i 
log in BH* being the ionized form. 


of 400 nmol (110 ug) injected intrathecally in rats had 
a strong and long-acting antinociceptive effect in both 
the tail-flick and hot plate tests. The duration of action 
was substantially longer than for catecholamines. The 
same study also demonstrated that antinociceptive 
potency was similar in both the tail-flick and the hot 
plate tests, the threshold for antinociception being 
about 30 nmol. The same long duration was found in 
the monkey with 2 mg intrathecal clonidine using the 
shock-titration paradigm (8). In the present study, we 
found that latency in the tail-flick test was affected, 
whereas the hot plate latency was unchanged. Mor- 
phine, methionine-enkephalin, and norepinephrine 
also have similarly different effects in tail-flick and 
hot plate tests; the effect of norepinephrine is greater 
than that of opiates in terms of tail-pinch responses 
but not hot plate responses (22). In a recent study, 
we similarly found a greater antinociceptive response 
of morphine after intrathecal injections with the tail- 
flick test than with the hot plate test (16). 

The mechanism of action responsible for the de- 
velopment of analgesia after intrathecal clonidine and 
guanfacine probably involves activation of spinally 
located a2-adrenoceptors as the response to intrathe- 
cally administered noradrenergic agents is antago- 
nized by selective antagonists to this receptor subtype 
(21, 23). This has also been demonstrated for a clo- 
nidine analogue, U-47,476A (24), and for intrathecally 
administered guanfacine (21). Guanfacine, as well as 
clonidine, is a selective agonist to the a2-receptors 
(25), and receptor binding studies indicate that the 
selectivity for ay over a,-receptors is greater with 
guanfacine than with clonidine (26-28), the binding 
of guanfacine being predominantly to the high affinity 
state of the a,-adrenoceptor (29). 

In the spinal cord, both œ- and a,-adrenoceptor 
binding has been demonstrated by autoradiography 
using specific ligands to the receptor subtypes (29). 
Thus, para-aminoclonidine binding occurs predomi- 
nantly in the dorsal horn region, with high binding 
to the substantia gelatinosa and to the intermedio- 
lateral cell column (30-31). Localization of the bind- 
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ing in the primary pain afferent terminal region of the 
spinal cord supports the notion that a2-adrenoceptors 
have a function in pain modulation. The localization 
of binding to the intermediolateral cell column (30) 
provides evidence that the effects on sympathetic ner- 
vous activity by local injection of clonidine into the 
intermediolateral cell column (32) are attributable to 
a spinal site of action. 

The present findings offer evidence to suggest a 
longer duration of antinociceptive action by guanfa- 
cine than clonidine. The physicochemical properties 
of the two compounds are, in terms of pKa and log 
P values, quite similar (Table 1) (33,34). Calculations 
using the Henderson-Hasselbalch equation show that 
at pH 7.4, guanfacine, a stronger base, is 76% ionized, 
whereas only 33% of clonidine is ionized (Table 1). 
This, together with the larger log P value for clonidine 
(Table 1), probably explains, at least in part, the longer 
duration of action of guanfacine as compared with 
clonidine. Both the higher degree of ionization and 
the lower log P of guanfacine make this compound 
less prone to diffusion out of the subarachnoid space 
into the circulation than clonidine. For opioids, the 
same inverse relationship exists between lipophilicity 
and duration of analgesia (35,16). 

The rates of elimination of clonidine and guanfa- 
cine could also be influenced by effects on local blood 
flow if the blood vessels have the receptors activated 
by the drugs. An extensive sympathetic innervation 
of spinal cord vessels has been demonstrated (36). 
Therefore, the local administration of agents with an 
effect on the sympathetic tone might have an effect 
on the spinal microcirculation. Phenylephrine re- 
duces the spinal cord blood flow in a dose-dependent 
manner (37), and the selective a.-adrenoceptor ago- 
nists clonidine (38) and guanfacine (Post et al., un- 
published results) have similar but weaker effects. 
With guanfacine, a dose of 25 yg is required to produce 
a small but statistically significant decrease in the blood 
flow, whereas the present investigation demonstrates 
an analgesic effect at much lower doses. When com- 
paring the two compounds, it seems unlikely that 
differences in potency and duration of action repre- 
sent different effects on local blood flow. To exclude 
this possibility fully, however, more experiments are 
required that address this issue specifically. 

The tissue concentration gradients in the present 
study demonstrate that not only did clonidine have 
a high initial concentration but that this also was 
reached in the most rostral segments of the cord. This 
could explain the fact that clonidine but not guanfa- 
cine produced supraspinal side effects with sedation 
after the higher doses (25 and 50 ug). Another side 
effect that might occur to an extent dependent on the 
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degree of rostral redistribution is sympathetic block- 
ade with a spinal site of action in the thoracic region. 
This issue was not addressed in the present investi- 
gation, but was previously investigated (39,40). 

In conclusion, guanfacine and clonidine produce 
analgesia after intrathecal injection in rats, and the 
considerably longer duration of action for guanfacine 
is reflected by a slower elimination from the spinal 
cord tissue. It is, therefore, possible that guanfacine 
might prove to be a better drug than clonidine for 
pain treatment with intrathecal or epidural adminis- 
tration because of its longer duration of action. 


We gratefully acknowledge the technical assistance and valuable 
discussions of Dr. Jan Lundström and Mrs. Kerstin Högberg. 
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Lidocaine Modifies the Effect of Succinylcholine on Muscle Oxygen 


Consumption in Dogs 
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The effects of succinylcholine (SCh: 2 mg/kg) alone and in 
combination with lidocaine (4.5 mg/kg in iwo increments) 
on muscle oxygen consumption (VO,) and blood flow (MBF) 
in normal and denervated gastrocnemius muscle were stud- 
ied in 18 dogs anesthetized with halothane (0.94%, end 
tidal) to examine the interactions of both drugs at the neu- 
romuscular junction. In an additional five dogs with normal 
gastrocnemius muscle, the effects of lidocaine alone on Vo, 
and MBE were also studied. In normal muscle, VO, in- 
creased as much as 150% with SCh alone, while with the 


Succinylcholine (SCh) increases muscle oxygen con- 
sumption (VO,). This is primarily the result of SCh- 
induced skeletal muscle contractions (fasciculations) 
(1). The muscle contractions, and hence the increase 
in muscle Vo» with SCh, can be prevented or atten- 
uated by pretreatment with subparalyzing doses of 
nondepolarizing muscle relaxants, probably becatise 
of competitive interaction of the drugs at neuromts- 
cular junctions (1). Lidocaine also prevents SCh-in- 
duced muscle contractions (2). However, unlike pre- 
treatment with nondepolarizing muscle relaxants, 
lidocaine augments SCh-induced muscle relaxation 
(3). The effect of pretreatment with nondepolarizing 
muscle relaxants on SCh-induced changes in Vo, has 
been well documented in both normal and dener- 
vated muscles (1,4), but the effect of lidocaine remains 
unclear. The present study, designed to examine the 
effect of lidocaine on SCh-induced increases in Vo,, 
found a difference in response in normal and dener- 
vated muscles. 
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combination of lidocaine and SCh, VO, remained un- 
changed. MBF remained unchanged with SCh alone and 
the combined use of lidocaine and SCh. Neither the Vo, nor 
MBF was affected by lidocaine alone. In denervated muscle, 
Vo, increased as much as 304% with SCh alone and MBF 
increased 115%. With the combined use of SCh and lidocaine 
the VO, in denervated muscle increased up to 360% with 
a 290% increase in MBF. These findings indicate different 
effects of lidocaine on metabolic and circulatory responses 
to SCh in normal and in denervated muscles in dogs. 


Key Words: ANESTHETICS, Locat—lidocaine. 
NEUROMUSCULAR RELAXANTS—succinylcho- 
line. MUSCLE—oxygen consumption. 


Methods 


Twenty-three unpremedicated mongrel dogs weigh- 
ing 9.0-19.5 kg were anesthetized with thiamylal (15-30 
mg/kg) intravenously. Endotracheal anesthesia was 
maintained with halothane in 50% oxygen in nitro- 
gen. Ventilation was adjusted to maintain Paco, at 
33 + 1 mm Hg and Pao, at 250 + 10 mm Hg witha 
Harvard pump. The concentration of end-tidal halo- 
thane measured by gas chromatography (Shimadzu 
4A-PTF, Kyoto, Japan) was kept at 0.94 + 0.04% 
throughout the study. Catheters were placed in the 
femoral artery for pressure measurement and blood 
sampling and in the external jugular vein for infusion 
of fluid and drugs. Heparin was administered intra- 
venously (2000 U/hr). The gastrocnemius muscle was 
isolated and all the veins draining from the muscles 
other than the gastrocnemius were ligated as de- 
scribed by Stainsby and. associates (5). Muscle blood 
flow (MBF) in the gastrocnemius was measured using ` 
an electromagnetic flow meter detector (Nihon Koden 
Kogyo, Tokyo, Japan; internal diameter 3 mm). The 
detector was placed in the femoral vein proximal to 
the last branch draining the muscle and the drained 
blood was returned to the femoral vein. 

To ensure the accuracy of the measurements, the 
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flow meter included a nonocclusive zero and a 3-séc 
time constant. In addition, it was frequently calibrated 
by direct timed measurements of gastrocnemius MBF. 
The Vo, of gastrocnemius muscle was calculated as 
the product of MBF and the oxygen content differ- 
ences between arterial and muscle venous blood and 
expressed in terms of wet weight of the muscle as 
removed at necropsy. Arterial and venous oxygen 
contents were calculated from measurements of oxy- 
hemoglobin (IL182 CO-oximeter) and oxygen tension 
(IL 313 electrode). | 

The dogs were divided into five groups. In group 
1, five dogs with normal muscles were given SCh (2 
mg/kg) alone. In group 2, five dogs with normal mus- 
cle were given lidocaine (4.5 mg/kg in two increments) 
and SCh (2 mg/kg). In group 3, five dogs with normal 
muscle were given lidocaine (4.5 mg/kg in two incre- 
ments) alone. In group 4, four dogs with denervated 
muscle were given SCh (2 mg/kg) alone. In group 5, 
four dogs with denervated muscle received lidocaine 
(4.5 mg/kg in two increments) and SCh (2 mg/kg). In 
all dogs given lidocaine, 3 mg/kg was administered 5 
min before and then additional 1.5 mg/kg was given 
5 min after SCh. In group 3, saline was administered 
instead of SCh. In the denervated muscle groups 
(groups 4 and 5), unilateral sciatic nerve section was 
performed under thiamylal (15-20 mg/kg) given in- 
travenously 18-35 days beforehand. In all dogs, blood 
samples for measurements of pH, PO2, Peco, hemo- 
globin, and saturation were obtained before and 3, 5, 
7, 10, 15, and 30 min after SCh or saline administra- 
tion. Plasma lidocaine concentrations in arterial blood 
in group 2 were measured by gas chromatography as 
previously described (6). 

Changes within and between groups were tested 
for statistical significance using two-way analysis of 
variance followed by the least significant difference 
(LSD) test for multiple comparisons. Statistical sig- 
nificance was assumed with P values < 0.05. 


Results 


The results in dogs with normal muscles are sum- 
marized in Table 1. In group 1, SCh increased Voz 
for 15 min, the maximum increase being 1.62 
ml-min~?-100 g+ (150%) at 10 min. MBF was not 
changed by SCh. In group 2, the combination of lid- 
ocaine and SCh did not increase VoO.—which, after 
SCh administration, was significantly less in group 2 
than in group 1 at 5, 7, 10, and 15 min. MBF was not 
altered by the combined use of lidocaine and SCh. In 
group 3, neither Voz nor MBF was affected by lido- 
caine alone. 

The results in dogs with denervated muscles are 
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summarized in Table 2. In group 4, SCh increased 
Vo, for 15 min and MBF for 10 min. The maximum 
increases in Vo, and MBF were 4.49 (304%) and 40.8 
ml:min™ 1.100 g~! (115%), respectively, at 7 min. In 
group 5, the combined use of lidocaine and SCh in- 
creased Vo, and MBF for 15 min. The maximum in- 
creases in VO, and MBF were 6.18 (360%) and 84.1 
ml-min~*100 g~* (290%), respectively. The increase 
in Vo, by SCh was significantly greater in group 5 
than in group 4 at 5 and 7 min. Thus, the increases 
in Vo and MBF were not attenuated by lidocaine but 
instead were increased. 

Plasma lidocaine concentrations in arterial blood 
for 15 min in group 2 ranged from 2.1 to 6.6 ug/ml. 


Discussion 


The present study demonstrates that lidocaine atten- 
uates the SCh-induced increase in Vo, in normal mus- 
cle but augments it in denervated muscle. Gronert 
and associates (4) reported that 0.25 mg/kg SCh dou- 
bles Vo, in normal muscle and quadruples Vo in 
denervated muscle. Our results are in agreement with 
their results. Why pretreatment with lidocaine atten- 
uates the increase in Vo, due to SCh in normal muscle 
may be related to events takirig place at pre- and 
postjunctional sites (7). The prejunctional release of 
acetylcholine associated with SCh (8), for example, is 
attenuated by lidocaine enough to decrease muscle 
contractions produced by SCh (9) and, thus, de- 
creases the SCh-induced increase in muscle Voz. Re- 
lease of acetylcholine from the nerve terminal by elec- 
trical stimulation is also reduced by lidocaine in 
concentrations in the range of those used in the pres- 
ent study (1075 M) (10). If the effect of lidocaine on 
the electrically induced presynaptic release of acetyl- 
choline also applies to SCh-mediated release of ace- 
tylcholine as seen in the present study, the effect of 
lidocaine may be attributable at least in part to its 
prejunctional effects. The absence of effects of lido- 
caine alone on Vo, suggests that the decrease in ace- 
tylcholine at nerve terminals with lidocaine, if pres- 
ent, did not reach a level that causes a decrease in 
Voz in normal resting muscle because of the end- 
plates’ large safety factor in normal muscle. 

The mechanism for the SCh-induced increases in 
Vo, in normal muscle also involves depolarization by 
SCh of postjunctional muscle membranes with the 
generation of action potentials and muscle contrac- 
tions (fasciculations) (1). Lidocaine is an open channel 
blocker that plugs Na* channels “‘use-depéndently” 
at the end plate and may desensitize the acetylcholine 
receptor to agonists (11) (as may be the case in the 
presence of SCh), and/or produces a nondepolarizing 
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type of block (7). Thus, the postjunctional effects of 
lidocaine, including desensitization of receptors and 
nondepolarizing block, may be operative at the pres- 
ence of SCh and hence decreased Vo. 

In contrast to normal muscle, denervated muscles 
develop a persistent contracture after SCh. It is known 
that an increase in extrajunctional acetylcholine re- 
ceptors contributes to the actions of SCh in dener- 
vated muscle (11). The striking SCh-induced increase 
in VO, in denervated muscles in the present study 
probably reflects this supersensitivity phenomenon. 
The increase in Voz was greater in the group given 
lidocaine than it was in the absence of lidocaine. This 
might be so because the prejunctional action of li- 
docaine, which reduces acetylcholine release by SCh, 
is not operative in denervated muscle. Alternatively, 
perhaps the increase in the sensitivity of denervated 
muscle to SCh cannot be counteracted by a desensi- 
tization or nondepolarizing action of lidocaine at the 
post- and extrajunctional levels. An explanation for 
the significant augmentation of SCh-induced increase 
in Vo, with the combined use of lidocaine in dener- 
vated muscle awaits further studies, including cal- 
cium ion dynamics at the cellular level in both normal 
and denervated muscles (12). 

Blood flow in skeletal muscle is regulated by neu- 
rogenic, humoral, and metabolic factors (13). A close 
correlation between the increase in blood flow and 
the increase in oxygen consumption has been de- 
scribed in contracting muscle (14). However, our re- 
sults show that MBF remained unchanged despite the 
increase in VO, in normal muscle after SCh. Gronert 
et al. (4) reported results similar to ours. In denervated 
muscle, however, an increase in VO, was accompa- 
nied by a striking increase in MBF in both studies. 
This appears to indicate that there may be a threshold 
value of Voz beyond which further increases in Vo, 
increase MBF. 

In summary, the present study demonstrates dif- 
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ferential effects of lidocaine on muscular responses to 
SCh in normal and in denervated muscle, and sug- 
gests that lidocaine should be included among agents 
that modify the supersensitivity phenomenon 
produced by 5Ch in denervated muscle. 
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Priming with atracurium was evaluated by dividing 39 
patients into 2 groups. All recetved 0.2 mg IV glycopyr- 
rolate and fentanyl, 50 ug IV. Group 1 received saline, 
group 2 received 0.06 mg/kg atracurium and a stop watch 
was started. After 3.5 min the patients were asked to lift 
their heads and maximum negative tnsptratory pressure 
(MIP) was measured. Anesthesia then commenced with 
thiopental and a twitch monitor was applied to the ulnar 
nerve. At 5 min group 1 received 0.36 mg/kg atracurium 
and group 2 was given 0.30 mg/kg atracurium. At 6.5 min 
intubation was accomplished tn all but one patient in group 
1 and all but one in group 2. Mean T,/T, ratios at 90 sec 
were 0.73 in group 1 and 0.51 in group 2. This difference 
was statistically significant (P < 0.001). Bucking on the 
endotracheal tube occurred in 72% of patients in group 1 
and 62% of those in group 2 {not significant). Intubating 
conditions were “excellent” in 56% of those in group 1 and 


A divided dose technique for facilitating rapid tra- 
cheal intubation with nondepolarizing relaxants was 
proposed by Foldes in 1984 (1). This method, known 
as the priming principle, consists of the administra- 
tion of a small dose of a nondepolarizing muscle re- 
laxant prior to induction of anesthesia, allowing suf- 
ficient time for the relaxant to reach myoneural junction 
receptors, then administering a second, larger dose 
to facilitate intubation. A suitable priming dose should 
allow the patient to maintain adequate respirations 
and-to protect his airway while still awake. In situa- 
tions where succinylcholine is contraindicated (2,3) 
this technique, if confirmed, would be a major ad- 
vance. 

Although recent papers (4-7) evaluated the use of 
the priming principle with atracurium, no previous 
study evaluating the priming principle with atracu- 
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75% in group 2 (not significant). “Good” conditions were 
seen in 33% of group 1 and 15% of group 2 patients (not 
significant). “Fair” conditions were noted in 6% of patients 
in group 1 and 5% of group 2 patients (not significant). 
The time to maximum twitch depression was 11.3 min and 
11.5 min in groups 1 and 2 respectively (not significant). 
All patients in group 1 could sustain head lift whereas four 
patients in group 2 could not (not significant). A decrease 
in MIP was noted in 38% of patients in group 2, but MIP 
was not decreased in those in group 1. This difference was 
statistically significant (P < 0.005). We conclude that prim- 
ing with atracurium, although providing a small improve- 
ment in T/T, ratio at intubation, does not significantly 
improve intubating conditions. It is complex, time consum- 
ing, is not well tolerated, and may put patients at risk for 
aspiration. 


Key Words: NEUROMUSCULAR RELAXANTS— 
atracurium. 


rium in awake patients has been undertaken. Such 
an evaluation is necessary to confirm the safety of a 
priming dose in patients at risk for pulmonary aspi- 
ration where a “rapid sequence” induction is neces- 
sary. 


Methods and Materials 


Thirty-nine adult ASA classification 1 and 2 patients 
free of neuromuscular diseases and on no medications 
affecting their sensitivity to nondepolarizing neuro- 
muscular relaxants took part in this investigation after 
approval by our Institutional Review Board..All pa- 
tients with anatomical conditions that would make 
endotracheal intubation difficult were excluded. All 
were given 0.2 mg IV glycopyrrolate and 50 Hg fen- 
tanyl when the intravenous was started. In a ran- 
domized double blind manner, the patients were as- 
signed to one of the following treatment sequences 
while awake: group 1 (n = 18), saline; group 2 (n = 
21), 0.060 mg/kg atracurium. A stop watch was started. 
The volumes of the solutions administered were the 
same in both groups. After 3.5 min patients were 
asked to lift their heads for 5 sec and maximiizm in- 
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Table 1. Maximum Inspiratory Pressure, Head Lift, Percent Intubated, Bucking, T,/T,, and Time to Onset of 
Maximum Relaxation 
Group 1 Group 2 P 
Number 18 21 — 
MIP change” 0% —38% <0.005 
Head Lift, 5 sec’ 100% &1% a 
Successful intubation at 94% 95% “ 
6.5 min 
Bucking 72% 62% f 
T,/T, at 6.5 min! 0.73 + 0.14 0.51 + 0.23 <0.001 
Time to maximal 11.3 + 3.1 11.5 +. 3.1 . 
blockade (min) 
‘Not a statistically significant difference. 
After priming dose or saline. 


‘Values are mean + SD. 


spiratory pressure (MIP) was measured to ensure that 
the patients could adequately protect their airways 
(8). Subjective complaints were noted. Thiopental was 
then administered in amounts sufficient to establish 
controlled ventilation with oxygen and nitrous oxide 
by mask at 4 min. At 5 min group 1 patients received 
0.360 mg/kg atracurium and group 2 patients received 
0.300 mg/kg atracurium. Here again equal volumes 
were administered. 

After the administration of the thiopental, a DigiStim 
II nerve stimulator (Neuro Technology, Inc., Hous- 
ton, TX) was used for train of four stimulation of the 
ulnar nerve with supramaximal impulses of 0.2 msec 
duration at 2 Hz through subcutaneous needles. The 
resulting thumb twitch was measured by a Grass 
FTO3C displacement transducer and recorded on pa- 
per with a Grass Polygraph. At 6.5 min, intubation 
of the trachea was attempted by an experienced lar- 
yngoscopist. Conditions for intubation were graded 
on the following scale: 4, excellent—easy and no re- 
action; 3, good—vocal cord movement present, jaw 
incompletely relaxed; 3, fair—vocal cord movement 
and moderate reaction; 1, impossible—just that: im- 
possible. The T,/T; ratio was recorded at 6.5 min, as 
was the time of maximal neuromuscular blockade. 
Twitch tension was within the range of the transducer 
used under these circumstances (9). Bucking or any 
movement in response to the intubation was also re- 
corded by an investigator not involved in the laryn- 
goscopy. Analysis of variance and Fischer’s exact 
probability test were performed to detect any signif- 
icant differences in dependent variables between the 
groups. A P < 0.05 was considered to represent sta- 
tistical significance. All results are expressed as means 
= 5D: 


Results 


The results are summarized in Tables 1 and 2. There 
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in terms of age, weight, or sex. All patients in group 
1 could sustain 5 sec head lifts before induction. In 
group 2, 19% could not sustain head lift. This differ- 
ence did not achieve statistical significance. Thirty- 
eight percent of patients in group 2 had reductions 
in MIP. No such changes were noted in group 1. This 
was Statistically significant (P < 0.005). 

Ninety-four percent of patients in group 1 were 
successfully intubated at 6.5 min, as were 95% of pa- - 
tients in group 2 (not significant). Intubating condi- 
tions are summarized in Table 2. Intubating condi- 
tions were excellent in 56% of group 1 patients and 
in 75% of those in group 2 (not significant). Condi- 
tions were considered good in 33% of those in group 
1 and in 15% of those in group 2. In 6% of patients 
in group 1 and in 5% of group 2 patients conditions 
were fair (not significant). Bucking occurred in 72% 
of the group 1 patients and 62% of group 2 patients 
(not significant). 

At 6.5 min mean train of four ratios were 0.73 in 
group 1 and 0.51 in group 2. This difference was sta- 
tistically significant (P < 0.001). The time to maximum 
relaxation was 11.3 min in group 1 and 11.5 min in 
group 2 (not significant). 

Although no patients in group 2 had severe ad- 
verse reactions while awake, most patients had severe 
ptosis and difficulty in swallowing shortly after the 
priming dose and many patients found the experience 
unpleasant and required much reassurance. 


Discussion 

Atracurium is a nondepolarizing muscle relaxant with 
a duration of action between succinylcholine and pan- 
curonium (10) at usual doses. Attempts to use atra- 
curium in place of succinylcholine for tracheal intu- 
bation have shown that even at doses of 0.6 mg/kg, 
the time to reach 100% neuromuscular blockade is 
nearly twice as long as it is with 1.0 mg/kg succinyl- 


PRIMING WITH ATRACURIUM 


Table 2. Intubating Conditions 


Group Excellent Good Fair Impossible 
1 56% 33% 6% 6% 
2 75% 15% 5% 5% 


There were no significant differences between the two groups. 


small doses of nondepolarizing muscle relaxants used 
to prevent fasciculations associated with succinylcho- 
line are generally tolerated by awake patients, al- 
though occasional adverse reactions have been re- 
ported (12,13). Paton and Waud (14) have shown that 
70% or more of the receptors at the neuromuscular 
junction must be occupied before single twitch 
depression occurs, although tetanic fade occurs at lower 
levels of receptor occupancy. In an attempt to speed 
the onset of atracurium, the concept of the priming 
principle has been suggested (15). 

In a pilot study, we attempted to determine the 
maximum priming dose of atracurium that would be 
tolerated by awake, unpremedicated patients as de- 
termined by ability to sustain 5-sec head lift. Foldes 
had recommended 75-100 pg/kg. We found that 36% 
of patients given 0.070 mg/kg atracurium could not 
sustain head lift. This is hardly surprising because 
this dose represents the ED; of atracurium (15). Brand 
et al. (8) have demonstrated the importance of head 
lift and inspiratory pressure in assessing recovery from 
muscle relaxants. Viby-Mogensen et al. (16), Lenn- 
marken and Léfstrorh (17), and others (18) have stressed 
the usefulness of head lift as a sign that patients can 
be extubated and left with little supervision. The pres- 
ent study shows that the incidence of inability to sus- 
tain 5-sec head lift could be reduced to 19% by re- 
ducing the dose of atracurium to 0.060 mg/kg. 
However, at this dose, 38% of our patients showed 
decreases in MIP as compared to their prepriming 
values. 

Mirakhur et al. (19) have shown that intubating 
conditions 90 sec after 0.4 mg/kg atracurium are far 
from ideal. This is consistent with other investigators’ 
reports (4,5,20). We felt that with a total dose of 0.360 
mg/kg atracurium, any improvement in intubating 
conditions at 90 sec conferred by the priming principle 
over a single dose technique would be clearly seen. 

Our results using 0.060 mg/kg atracurium given 5 
min before 0.300 mg/kg demonstrate no significant 
improvement in intubating conditions, in the inci- 
dence of bucking on intubation, or the time to max- 
imum twitch depression when compared to a bolus 
of 0.36 mg/kg atracurium, although there was a small 
improvement in T/T; at 6.5 min. Although it is not 
statistically significant, the fact that 19% of the pa- 
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to maintain 5-sec head lift is important in the clinical 
evaluation of this technique. This is especially so when 
it is noted that 38% of the patients in the priming 
group had reduced MIP after the priming dose, a 
result which did achieve statistical significance. _ 

Geris et al. (4) ina non-double blind study in which 
0.06 mg/kg atracurium was given to patients imme- 
diately before induction, with an intubating dose of 
0.34 mg/kg given 3 min later, found no difference in 
intubating conditions at 2.5 min or the time to max- 
imum twitch suppression. Their observation that 0.08 
mg/kg atracurium given 3 min before 0.42 mg/kg re- 
sulted in acceleration of the times to intubation and 
maximum twitch suppression is not clinically relevant 
in a rapid sequence induction because our results sug- 
gest that such a large priming dose is not suitable for 
awake patients. 

Nagashima et al. (5) studied 0.075 mg/kg atracu- 
rium given to anesthetized patients 6 min prior to 
0.250 mg/kg. Our results again show that this priming 
dose is too large for awake patients. 

Ramsey et al. (6) studied 0.050 mg/kg atracurium 
given to anesthetized patients 4.4 min prior to 0.350 
mg/kg. Although intubating conditions were not eval- 
uated, time to maximum relaxation, degree of block 
at 90 sec, and time to 25% recovery were not statis- 
tically different from a control group given 0.400 mg/kg 
as a bolus. 

Weinberg et al. (7) studied 0.15 mg/kg atracurium 
given either as a bolus or as a 0.05 mg/kg dose given 
to anesthetized patients 5 min before 0.10 mg/kg. They 
showed a slightly more rapid onset of initial twitch 
depression in the divided dose group but there were 
na significant differences in time to maximum block- 
ade between the groups. 

In summary, this study shows that the priming 
principle with atracurium produces no improvement 
in intubating conditions when compared to a single 
bolus technique. 
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Aminophylline Reversal of Flunitrazepam Sedation 
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333-6. 


Seventeen otherwise healthy patients were given either in- 
travenous physiologic saline, 5 ml, or aminophylline, 2 
mg/kg, randomly 30 min after they were gtven intravenous 
flunitrazepam in doses adequate to produce sleep and se- 
dation during sptnal anesthesia for anorectal surgery. In 
the control group, mean sedation scores were 1.8 + 0.3 
and 1.0 + 0.4 15 and 45 min after injection of placebo. 
Fifteen and 45 min after the injection of aminophylline the 


Flunitrazepam, a potent and long-acting benzodiaze- 
pine, is useful when given as an adjunct to local anes- 
thesia (1). Its long duration of action is an advantage 
in patients scheduled for prolonged and extensive 
operative procedures. However, this may not be ad- 
vantageous in patients undergoing short operations. 

Various drugs have been suggested to reverse the 
soporific effects of benzodiazepines. Aminophylline 
reportedly reverses the sedative effects of flurazepam 
(2), diazepam (3), and lorazepam (4). With this back- 
ground, we studied the effects of aminophylline on 
the sedative, psychomotor, and amnesic properties 
of flunitrazepam under controlled conditions in healthy 
adults. 


Materials and Methods 
Subjects 


seventeen healthy patients scheduled for anorectal 
surgery under spinal anesthesia were studied. None 
had a history of drug abuse and none received sed- 
ative or narcotic drugs for medication during the last 
month. Morphometric data are summarized in Table 
1. Informed consent was obtained from each patient 
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mean scores of sedation were 0.4 + 0.2 and 0.2 + 0.2, 
respectively. Even though the patients in both groups ap- 
peared to be equally alert and responsive after 75 min, Trie- 
ger tests revealed that psychomotor function was still sig- 
nificantly impaired in the control group 90 min after the 
injection of placebo. The amnesic effects of flunitrazepam 
were not affected by aminophylline. Aminophylline may be 
used to reverse the sedative and psychomotor effects of flu- 


nitrazepam. 


Key Words: HYPNOTICS, BENZODIAZEPINES—fluni- 
trazepam. ANTAGONISTS—aminophylline. 


after a detailed explanation of the purpose of the study 
was given during the preoperative visit. 


Protocol 


Before the operation patients were given neither atro- 
pine nor any other drugs that would modify the ef- 
fects of flunitrazepam. Baseline blood pressure (by 
sphygmomanometry) and heart rate (ECG) were re- 
corded and a baseline Trieger (5) test was adminis- 
tered before the induction of spinal anesthesia. An 
intravenous cannula (18 gauge) was inserted and an 
infusion of Ringer’s lactate was started when the pa- 
tient arrived in the operating room. With the patient 
in the lateral position, lumbar puncture was per- 
formed using a 22-gauge spinal needle at the L4-5 
intervertebral space. Once a free flow of cerebrospinal 
fluid was obtained, 5 ml of 2% prilocaine was injected 
intrathecally. The spinal needle was then withdrawn 
and the patient placed in the supine position with a 
30° head up tilt. After a period of 5 min had elapsed, 
during which the blood pressure stabilized, patients 
were given 2 ml flunitrazepam (0.4 mg/ml) followed 
by increments (1 ml) until the eyelid reflex was abol- 
ished. The operation started within 5 min. About 30 
min after the injection of flunitrazepam, which was 
when most surgical procedures were either completed 
or close to completion (Table 1), patients were given 
either 5 ml of 0.9% saline (group A, n = 8) or 2 mg/kg 
aminophylline (group B, n = 9) intravenously in a 
randomized fashion (random number tables) over 4 
min. 


Table 1. Patient Data 


Saline Aminophylline 
(n = 8) (n = $) 
Age (yr) 2/ 43.4 33.8 + 4.7 
Weight (kg) 61.5 + 4.5 61.6 + 2.9 
Sex (male/female) 4/4 4/5 
Duration of 33.3 + 5.9 28.1 + 4.2 
operation (min) 
Duration of 114.2 + 8.7 127.3 + 9.1 


anesthesia (min) 


Data are expressed as mean + SEM. 


Monitoring and Measurements 


Blood pressure and heart rate measurements were 
made before and after the injection of flunitrazepam, 
at 5-min intervals during the operation, and before 
and after the injection of placebo or aminophylline. 
The degree of sedation was assessed on a scale from 
0-3: 0 indicated no sedation; 1, calm and sedated; 2, 
asleep but easily arousable; and 3, asleep and unre- 
sponsive. Observations were made by an anesthetist 
unaware of the patient’s randomized group after the 
patients were given flunitrazepam, before they were 
given saline or aminophylline, and 15, 45, and 75 min 
after injection of saline or aminophylline. 

Amnesia was assessed by showing the patients five 
memory cards, each depicting a single object. Patients 
were then asked to identify each card 30, 60, and 90 
min after the injection of saline or aminophylline. On 
the first postoperative morning patients were also asked 
to recall the objects on the memory cards that they 
were shown the day before. 

The Trieger test was used to assess psychomotor 
function. Each patient was given the test three times 
by the same nurse anesthetist at 30-min intervals after 
the injection of placebo or aminophylline. Whether 
the patients received 0.9% saline or aminophylline 
was unknown to the nurse who administered the tests. 

Patients were observed for hypotension and res- 
piratory depression intraoperatively. They were asked 
about retrograde and anterograde amnesia after the 
tests were completed. Student's t-test and x° test were 
used for the statistical analysis of the results. Values 
are expressed as means + SEM. 


Results 


Both groups were comparable with regard to patient 
age, patient weight, and male to female ratio. The 
mean duration of operation and anesthesia was sim- 
ilar in both groups (Table 1). In group B aminophyl- 
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Table 2. Mean Arterial Pressure and Heart Rate after 
Flunitrazepam and Aminophylline 


Mean 
arterial pressure Heart rate 

Baseline 

Group A 91.8 + 3.7 91.3 + 1.1 

Group B 91.5-2 6.5 86.2 + 1.4 
After flunitrazepam 

Group A 88.5 + 3.4 85.0 + 2.0 

Group B 88.3 + 7.6 82.3 + 0.8 
After saline 

Group A 85.2 + 4.0 88.2 + 2.1 
After aminophylline 

Group B 85.4 + 5.5 85.5 + 1.4 


Values are not significantly different (P > 0.05) from each other or from 
controls. Mean arterial pressure was calculated by adding one third of the 
pulse pressure to the diastolic presspre. Values are +SEM. 


line, 2 mg/kg, did not produce statistically significant 
(P > 0.05) changes in blood pressure and heart rate 
(Table 2). 


Sedation 


A mean of 1.38 + 0.07 and 1.41 + 0.05 mg flunitraz- 
epam was required in groups A and B, respectively, 
to produce a sleepy state. Flunitrazepam produced 
sleep within a mean of 3.3 + 0.4 min after intravenous 
injection. With the doses employed in this study no 
statistically significant changes were recorded in blood 
pressure and heart rate (Table 2). Patients in group 
B, who were given aminophyllirie, were less sedated 
at 15 (P < 0.01) and 45 min (P < 0.05) than patients 
given placebo (group A, Fig. 1). Seventy-five minutes 
after the injection of placebo and aminophylline, the 
degree of sedation did not differ significantly (P `> 
0.05) between the two groups. 


Amnesia 


Flunitrazepam produced anterograde amnesia in six 
(75%) patients in group A and in eight (89%) patients 
in group B. Patients in both groups did not differ 
regarding the recall of operation (P > 0.05, Fisher's 
Exact xy test; Table 3). Three patients (38%) given 
placebo and six (67%) patients given aminophylline 
remembered being shown postcards after the oper- 
ation but this difference was not statistically signifi- 
cant (P > 0.05, Fisher's Exact x test; Table 3). Thus, 
aminophylline did not significantly affect the amnesic 
effects of flunitrazepam. | 


AMINOPHYLLINE REVERSAL OF FLUNITRAZEPAM SEDATION 


« placebo 
o aminophylline 


degree of sedation 


A P/A 
time 
Figure 1. The mean degree of sedation in the aminophylline group 
was significantly less 15 and 45 min after injection. AF, after flu- 
nitrazepam; B P/A, before placebo or aminophylline; A P/A, after 
placebo or aminophylline; *P < 0.01; **P < 0.05. 


Psychomotor Function 


Mean Trieger scores are shown in Figure 2. The num- 
ber of dots missed by patients in group B was sig- 
nificantly (P < 0.05) less than those missed by group 
A at each point. 


Discussion 

This study demonstrates that aminophylline given in 
low doses intravenously antagonizes the sedative and 
psychomotor effects of flunitrazepam but appears to 
be ineffective in reversing the strong anterograde am- 
nesia produced by this potent benzodiazepine deriv- 
ative. It has been reported that flunitrazepam is as- 
sociated with a long duration of action and a wide 
individual variation in response (6). In a pilot study 
we have undertaken in 28 patients we noted that 0.02 
mg/kg flunitrazepam did not produce the same level 
of sedation in all subjects; 13 patients became lightly 
sedated, 12 were asleep, one was deeply sedated, and 
two patients became restless and required thiopental 
for sedation. Therefore, in the present study loss of 
eyelid reflex was chosen as the criterion of uniform 
sedation in all cases. The doses that produced sleep 
in all patients ranged from 0.8 to 3.2 mg. 

In group B, 15 and 45 min after the injection of 
aminophylline the patients were significantly less se- 
dated than those patients in the control group (Fig. 
1). About 100 min after the injection of flunitrazepam 
the level of sedation did not differ significantly be- 
tween the two groups. During the last assessment of 
sedation most patients were still free of postoperative 
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Table 3. Evaluation of Amnesia Produced 
by Flunitrazepam 


Saline Aminophylline 
Recall (n = 8) (n = 9) 
Operation 2 1 
Memory cards 3f 6 


*P > 0.05 compared with data for aminophylline (7 test). 


pain because the spinal anesthesia was still effective 
(Table 1). Thus, the steady level of sedation was not 
affected by postoperative pain after anorectal surgery. 

Flunitrazepam has been reported to be associated 
with marked anterograde amnesia in adults (7). In the 
present study most patients in both groups failed to 
remember the operation. No statistically significant 
difference was found between the two groups re- 
garding the recall of visual memory cards (Table 3). 
Thus, aminophylline does not reverse the amnesic 
effects of flunitrazepam. 

The Trieger scores reflecting the psychomotor func- 
tion were significantly higher at each time of mea- 
surement in patients given aminophylline. It is note- 
worthy that patients in both groups were equally 
sedated 100 min after the injection of flunitrazepam 
(Fig. 1). However, the Trieger scores revealed that the 
psychomotor function was still significantly impaired 
in the group that was given saline, not aminophylline 
(Fig. 2). 

The sedative properties of benzodiazepines have 
been said to represent facilitation of GABA-ergic 
transmission in the cortex (8). Mechanisms other than 
GABA potentiation have also been proposed to ex- 
plain the sedative effects of these agents; benzodi- 
azepines, for example, also increase the activity of 
adenosine, which depresses neuronal activity by re- 
ducing the release of neurotransmitters (9). Naturally 
occurring methylxanthines behave as competitive an- 
tagonists of adenosine (10). The results obtained in 
this study suggest that this may be the underlying 
mechanism of inhibition of flunitrazepam sedation by 
aminophylline. 

Methylxanthines stimulate the medullary respira- 
tory centers. This action is observed in Cheyne-Stokes 
respiration (11) and in apneic attacks in the newborn 
(12). In this study five patients regained conscious- 
ness after a deep breath as aminophylline was being 
injected. 

Flunitrazepam is a hypnotic compound (13) that 
reportedly has cardiovascular effects comparable to 
those of diazepam (14). The doses of flunitrazepam 
required to produce a sleepy state in our patients did 
not result in significant cardiorespiratory depression. 
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Figure 2. The mean number of dots missed during the Trieger test 
by the aminophylline group was significantly less than the number 
missed by the control group at each time of measurement. +P < 
0.05. 


Aminophylline has been reported to be effective in 
reversing benzodiazepine sedation in low doses (2—4). 
Larger doses are known to cause significant altera- 
tions in blood pressure and heart rate. In the present 
study we chose to administer aminophylline in low 
doses to avoid cardiocirculatory side effects (Table 2). 

We conclude that flunitrazepam-induced sedation 
is of long duration and not appropriate for short sur- 
gical procedures. However, it may be reversed by low 
doses of aminophylline when surgical procedures are 
completed sooner than expected. 
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anesthesia. Anesth Analg 1987;66:337-40. 


Venous blood concentrations of mepivacaine were measured 
in 30 patients during 5 hr of surgical anesthesia following 
either multiple epidural injections of mepivacaine with or 
without epinephrine or continuous epidural infusion of me- 
pivacaine with epinephrine. Patients were divided into three 
groups: group 1 initially received 10 or 15 ml followed by 
10 ml of 2% plain mepivacaine at 1-hr interoals; group 2 
received 10 or 15 ml followed by 10 ml of epinephrine- 
containing 2% mepivacaine at I-hr intervals; group 3 re- 
ceived 10 or 15 ml followed by a constant infusion of 10 
ml/hr of epinephrine-containing 2% meptvacaine. There were 


Epidural anesthesia can inhibit or prevent most of the 
endocrine-metabolic responses associated with lower 
abdominal surgery and can suppress to some degree 
stress responses associated with upper abdominal 
surgery (1,2); therefore, epidural anesthesia alone or 
in combination with light general anesthesia has been 
employed not only for lower abdominal or lower ex- 
tremity surgery but also for upper abdominal surgery. 
However, multiple epidural injections of local anes- 
thetics at short intervals result in rapid increases in 
blood levels of local anesthetics. Following seven re- 
peated injections of mepivacaine at 1-hr intervals, for 
example, a steady-state level of 7-8 ug/ml mepiva- 
caine in whole blood is achieved (3). Epinephrine is 
added to local anesthetic solution to decrease the rate 
of vascular absorption and prolong the duration of 
anesthesia. The peak blood level of local anesthetic 
agent is reduced by the addition of epinephrine. How- 
ever, the effect on systemic blood levels of local an- 
esthetics achieved by adding epinephrine to local an- 
esthetics has not been studied when repeated injections 
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no significant differences between groups 1 and 2, but the 
mean blood concentration was slightly lower for the first 3 
hr in group 2 than group 1. The mean blood concentration 
of mepivacaine in group 3 remained significantly lower than 
the concentrations in groups 1 and 2 from 3.5 to 5 hr. These 
results demonstrate that the blood concentrations of mept- 
vacaine are not reduced by the addition of epinephrine to 
mepivacaine solutions when intermittent epidural injections 
are repeated more than four times at 1-hr intervals, but that 
blood mepivacaine levels are reduced below levels seen with 
intermittent injections by the continuous epidural infusion 
of epinephrine-containing mepivacaine., 


Key Words: ANESTHETICS, LOCAL—mepivacaine. 
ANESTHETIC TECHNIQUES—epidural. 


are made, as in prolonged epidural anesthesia. Sim- 
ilarly, although. the continuous epidural infusion of 
local anesthetic agent has been employed for post- 
operative pain relief (4), but rarely for surgical anes- 
thesia, comparison of the blood concentrations fol- 
lowing multiple intermittent injections and continuous 


infusion of local anesthetics into the epidural space 


has not been made. 

The purpose of the present study is to compare the 
blood concentrations of mepivacaine following mul- 
tiple epidural injections of mepivacaine solution with 
or without epinephrine, and to compare mepivacaine 
blood levels following multiple intermittent injections 
and the continuous epidural infusion of mepivacaine 
solutions with epinephrine. 


Methods 
Subjects 


Thirty adult patients scheduled for epidural anes- 
thesia or epidural plus general anesthesia that would 
last more than 5 hr were selected for this study. The 
study was approved by our institution’s human re- 
search review committee and oral consent was ob- 
tained from each patient. The operations performed 
are presented in Table 1. Patients were randomly di- 
vided into three groups of ten each: patients in group 
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Table 1. Details of Operative Procedures Performed with 





Epidural Alone or Epidural Plus General Anesthesia 


Procedure 


Gastrectomy 

Proctectomy 
Pancreato-duodenectomy 
Pancreatectomy 
Nephrectomy 
Nephrolithotomy 
Cystectomy and ileal conduit 
Hysterectomy 

Plastic operation on leg 


Number 
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1 received intermittent injections of plain mepivacaine 
solution into the epidural space; patients in group 2 
received intermittent injections of epinephrine-con- 
taining mepivacaine solution; and patients in group 
3 received a continuous infusion of epinephrine-con- 
taining mepivacaine solution. 


Epidural Block 


All patients were premedicated with 50-100 mg of 
hydroxyzine and 0.4-0.5 mg of atropine intramus- 
cularly, 1 hr before induction of anesthesia. Further 
sedation, with 15-30 mg of pentazocine intramus- 
cularly, was given to 14 patients. An intravenous can- 
nula was placed for fluid administration and a central 
venous catheter was inserted via the antecubital or 
internal jugular vein for measurement of the central 
venous pressure and for collection of blood samples. 

With the patient in the lateral decubitus position 
and with 2-3 ml of 1% mepivacaine solution for local 
anesthesia, the epidural space was entered using a 
17-gauge Tuohy needle at the T9-10-L2-3 interspace. 
According to age, height, and scheduled operation, 
initial volumes of 10 or 15 ml of 2% mepivacaine with- 
out epinephrine in group 1 and with epinephrine in 
groups 2 and 3 were injected at a rate of 0.5 ml/sec 
into the epidural space in all patients. A test dose was 
not used. In groups 1 and 2, supplementary volumes 
of 10 ml of 2% mepivacaine with or without epi- 
nephrine were injected through the epidural catheter 
at 1-hr intervals for a total of six injections. In group 
3, 2% mepivacaine with epinephrine was continu- 
ously infused at a rate of 10 ml/hr for 5 hr immediately 
following the initial injection. Epinephrine 1:200,000 
was freshly added to the mepivacaine solution. Ten 
to 15 spinal segments of analgesia were produced 20 
min after the initial injections, as assessed by pin- 
prick. 

Intraoperatively, patients were given intermittent 
intravenous injections of 5-10 mg of diazepam and/or 
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15 mg of pentazocine, and received oxygen via a face 
mask. Five patients in group 1, four in group 2, and 
six in group 3 had inhalation anesthesia consisting of 
nitrous oxide, oxygen (4:2 L/min) and 0.2-0.5% halo- 
thane after induction with 4 mg/kg of thiamylal and 
tracheal intubation following 1 mg pancuronium and 
then 1 mg/kg succinylcholine. In 13 patients with ar- 
terial cannulae and general anesthesia, ventilation was 
adjusted to control Paco, between 35 and 45 mm Hg 
and arterial pH between 7.35 and 7.45. Electrocardio- 
gram, rectal or esophageal temperature, and urinary 
volume were monitored, and arterial and central ve- 
nous pressures were measured throughout the op- 
eration. Blood loss was replaced as necessary. 


Blood Sampling and Analysis 


Venous blood samples of 1.5 ml were taken through 
the central venous catheter with a heparinized syringe 
before and at 30-min intervals after the initial injection 
of mepivacaine for 6 hr in groups 1 and 2 and for 5 
hr in group 3. The samples were stored at — 20°C until 
measurement of mepivacaine levels by gas chroma- 
tography (5). The internal standard used was bupiv- 
acaine. The whole blood concentrations of mepiva- 
caine are expressed as ug mepivacaine/ml whole blood. 

The data were expressed as mean + SEM. The re- 
sults of repeated measurements and multiple groups 
were analyzed by analysis of variance (ANOVA) and 
repeated measures ANOVA. Multiple pairwise com- 
parisons between groups were assessed by a Tuckey’s 
or Newman-Keuls’ test. P < 0.05 was considered sta- 
tistically significant. 


Results 


Patient data are summarized in Table 2. During the 
5-hr period of this study, blood loss was 784 + 157 
ml, 836 + 80 ml, and 944 + 211 ml in groups 1, 2, 
and 3, respectively, these losses not being signifi- 
cantly different in the three groups. Six patients in 
group 1 and five each in groups 2 and 3 received initial 
volumes of 15 ml of 2% mepivacaine solution. Other 
patients received initial injections of 10 ml. No pa- 
tients had signs of local anesthetic toxicity during or 
after surgery. 

The mean venous blood concentrations of mepiv- 
acaine in each group are shown in Figure 1. Blood 
mepivacaine concentrations were not significantly dif- 
ferent in groups 1 and 2. However, the mean blood 
concentration in group 2 was slightly lower than that 
in group 1 for the first 3 hr. Following the fifth dose, 
blood mepivacaine concentrations approached 7 ug/mi 
in both groups. The mean maximum concentration in 
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Table 2. Details of Patients Studied 
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SEX 

Group M/F 

1: Intermittent injection 713 

without epinephrine 

2: Intermittent injection 4/6 
with epinephrine 

3: Continuous infusion 5 
with epinephrine 


Age Weight Height 

(yr) (kg) (cm) 

5 + 4.0 48.1 + 2.2 154.3 + 2.9 
56.8 + 4.7 SLZA 24 153.7 + 2.6 
49.6 + 3.8 55.6 + 2.9 159.0 + 3.0 





Values are mean +seEm. No significant differences between groups by analysis of variance. 


group 1 was 7.67 + 0.85 ug/ml at 5.5 hr and in group 
27.74 + 0.61 pg/ml at 4.5 hr. | 

The mean blood concentration of mepivacaine in 
group 3 increased significantly slowly after the initial 
rise. It was significantly lower than the mepivacaine 
level in group 1 at 1.5 and 2.5 hr and from 3.5 to 5 
hr, and significantly lower than the level in group 2 
from 3.5 to 5 hr. The mean maximum concentration 
in group 3 was 4.65 + 0.55 pg/ml at 5 hr. 


Discussion 


A potential problem associated with continuous epi- 
dural anesthesia provided by an intermittent admin- 
istration of local anesthetic agent is excessive blood 
level of the agent. The addition of epinephrine to local 
anesthetic solution decreases the peak blood level of 
the local anesthetic. In this study, mean blood con- 
centrations following the first to third doses of epi- 
nephrine-containing mépivacaine were slightly lower 
than those obtained with plain mepivacaine, although 
we compared the mean venous blood concentrations 
30 and 60 min after the injections. However, the mean 
blood concentrations following the fourth to sixth doses 
of epinephrine-containing mepivacaine were not lower 
than those obtained with plain mepivacaine. When 
intermittent epidural injections are repeated at 1-hr 
intervals more than four times, the effect of epineph- 
rine on the blood mepivacaine concentration disap- 
pears. The addition of epinephrine to mepivacaine 
solution is not necessary in order to decrease the blood 
level of mepivacaine in patients undergoing opera- 
tions lasting more than 3 hr. 

The miean blood concentration following continu- 
ous epidural infusion of epinephrine-ccntaining me- 
pivacaine was very low as compared with intermittent 
injections. We recommend the use of this technique 
for long operations to decrease the mean blood level 
of local anesthetics such as lidocaine or mepivacaine, 
if longer-acting agents are not used. The continuous 
epidural infusion of mepivacaine after the initial in- 
jection can produce the same range of analgesia that 


intermittent injections produce (unpublished obser- 
vations). 

The blood concentrations of local anesthetics dur- 
ing continuous epidural anesthesia were predicted by 
Tucker and Mather (6). They indicated that blood lev- 
els increase more rapidly with short-acting agents than 
with long-acting agents during multiple epidural in- 
jections. Tucker et al. (7) subsequently reported close 
agreement between the predicted and observed plasma 
concentrations of lidocaine during five epidural in- 
jections. In their study, the initial 20 ml of 2% plain 
lidocaine solution was followed by 10 ml at 1-hr in- 
tervals for 4 hr in six patients. The mean maximum 
plasma concentration of lidocaine was 3.80 + 0.39 
pg/ml, which occurred at 10-30 min after the fifth 
dose. Bonica et al. (8) also reported the blood con- 
centrations of lidocaine after several epidural injec- 
tions. With subsequent injections, the maximum blood 
concentrations increased above those of preceding in- 
jections, the final values ranging from 4.0 to 6.65 ug/ml. 
With regard to mepivacaine, in addition to our pre- 
vious report (3), there is a study of blood concentra- 
tions after three or four caudal epidural injections of 
20-30 ml of 1.5% mepivacaine for vaginal delivery (9). 
The blood mepivacaine concentrations in that study 
increased above the previous level with each subse- 
quent injection, the final values ranging from about 
5 to 11 ug/ml. These blood concentrations are higher 
than those found in the. present study. Although 
plasma levels after caudal block are higher than after 
thoracic or lumbar epidural injection (10,11), we can- 
not compare our data with those reported by Moore 
et al. (9) because of differences in the site of injection, 
dose, dosing interval, and other conditions. 

The present study was carried out during elective 
surgery. We excluded patients with hepatic or cardiac 
disease. Also, although the blood mepivacaine con- 
centrations are influenced by many factors, such as 
blood volume, cardiac output, hepatic blood flow, 
local perfusion pressure, arterial pH, and serum pro- 
tein (10), in our patients there were no differences in 
body build or blood loss in the three groups. 
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Figure 1. Mean blood concentrations (+ SEM) of mepivacaine during 
epidural anesthesia induced by intermittent injections of 2% plain 
mepivacaine solution (@—®, group 1), intermittent injections of 
epinephrine-containing 2% mepivacaine solution (@—®, group 2), 
or continuous infusion of epinephrine-containing 2% mepivacaine 
solution (W—Ħ, group 3). 

‘Statistical significance compared with group 3 (P < 0.05). 


The toxic threshold for blood mepivacaine is about 
6.27 ug/ml (12). Concentrations above this level are 
often associated with mild cerebral symptoms, in- 
cluding apprehension, confusion, shivering, muscu- 
lar twitching, nausea, and vomiting. Under light gen- 
eral anesthesia with thiopental and nitrous oxide, the 
threshold increases to approximately 10 ug/ml for li- 
docaine (13). We assume a similar increase in toxic 
threshold for blood mepivacaine concentration during 
general anesthesia. In our study, none of the patients, 
all either heavily sedated or under light general anes- 
thesia, had signs of local anesthetic toxicity even though 
the cumulative dose used amounted to 1200-1300 mg 
and the blood mepivacaine concentrations exceeded 
10 ug/ml in four patients of groups 1 and 2. Moore 
et al. (9) have suggested that 1000 mg is a maximum 
safe cumulative dose of mepivacaine for continuous 
caudal block and that a total dosage of more than 1500 
mg should not be used. However, following repeated 
epidural injections of mepivacaine at 1-hr intervals, a 
steady-state blood level of 7-8 ug/ml is achieved (3). 
Using plain mepivacaine solution, a steady-state blood 
level is achieved more rapidly, as shown in the pres- 
ent study. 

When a continuous epidural block is maintained 
with a constant infusion of mepivacaine, the blood 
levels increase very slowly. In this study, cumulative 
doses administered epidurally were equal in the three 
groups, but the mean blood concentrations of mepiv- 
acaine with continuous epidural infusion of mepiv- 
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acaine with epinephrine were significantly lower than 
those associated with intermittent epidural injections 
of mepivacaine with or without epinephrine. Ab- 
sorption of local anesthetics from the epidural space 
is related to the vascularity at the site of injection (10). 
The wide spread of local anesthetics in the epidural 
space induced by an intermittent injection of a large 
volume increases the surface area available for ab- 
sorption. Constant epidural infusion, on the other 
hand, would not increase the surface area for vascular 
absorption. Therefore, local accumulation within the 
epidural space should be greater with a constant epi- 
dural infusion of mepivacaine. 


The authors wish to thank Motoko Matsumoto for technical and 
secretarial assistance. 
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- Anesthetic Management for Cesarean Section 


Thomas Broster, MD, Richard Placek, Mp, and G. W. N. Eggers Jr, MD 


In a period of 1 month two patients with epidermol- 
ysis bullosa (EB) presented for elective cesarean sec- 
tion at our hospital. This unusual condition is asso- 
ciated with problems and potential complications in 
anesthetic management. Because of the pecularities 
of EB and the paucity of literature on regional anes- 
thesia with this condition, we report these cases. 


Case Reports 


Case 1 


A 30-yr-old, primagravida white woman, 38 weeks 
pregnant, presented for elective cesarean section. She 
had a history of simple generalized EB proven by skin 
biopsy and evidence of dominant inheritance of EB. 

The patient's history was significant for a previous 
cervical dilatation and curettage and bifid uterus re- 
pair under general anesthesia at an outside hospital. 
She reported a sore throat for 48 hr after her bifid 
uterus repair as her only complication from general 
anesthesia. Her only medication was vitamins. Phys- 
ical examination was unremarkable except for a hy- 
pertrophic scar at the site of her skin biopsy 8 months 
previously. The hematocrit was 39%. We chose a spinal 
anesthetic to avoid the potential complications of oral 
instrumentation and tracheal intubation. An 18-gauge 
IV was started by the obstetric service and wrapped 
with gauze bandage (Webrol) rather than adhesive 
tape to hold it in place. The patient was taken to the 
operating room where she received 1.5 L lactated 
Ringer’s solution intravenously. A blood pressure cuff 
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was applied to the right arm after being padded with 
Webrol. The patient was placed in the left lateral de- 
cubitus position and 7 mg tetracaine in 5% dextrose 
was injected intrathecally at the L4-5 interspace with 
a 25-gauge spinal needle. The patient was turned su- 
pine and a roll was placed under the right hip. A 
precordial stethoscope was placed with no adhesive. 
Electrocardiogram electrodes with no adhesive were 
placed over the upper scapulae on the patient’s back 
and padded to hold them in place. A third ECG elec- 
trode was placed on the patient’s right arm and 
wrapped in place. The patient developed a T-6 sen- 
sory level and surgery proceeded without incident. 

Vital signs remained stable throughout the proce- 
dure. The infant had Apgar scores of 8 (1 min) and 9 
(5 min).. No bullae were formed as a result of the 
spinal, the IV, the ECG electrodes, or the blood pres- 
sure cuff. The patient had an uneventful postopera- 
five course and was discharged on the ninth post- 
operative day with small bullae around the nipples 
due to breast feeding. The infant had no bullae at 
birth and had not developed any at the time of the 
5-month checkup. 


Case 2 


A 17-yr-old term primagravida woman was admitted 
to the obstetric service in labor. As a child she had 
been diagnosed as having dominant dystrophic EB. 
On physical examination her skin was noted to be 
moderately scarred and she had alopecia. She did not 
have nail dystrophy, milia formation, pseudosyndac- 
tyly, or gross bullae at initial presentation. The re- 
mainder of her physical examination was within nor- 
mal limits. Prenatal vitamins were her only medication, 
and she was not aware of allergies to any medication. 
Her anesthetic history was significant only for an ap- 
pendectomy as a child under general anesthesia with- 
out sequelae. 
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The patient was first seen by us when she had 2- 
cm cervical dilatation and after she expressed a desire 
for a continuous epidural block for labor pains. After 
obtaining informed consent, we elected to insert an 
epidural catheter when the cervix became 4 cm di- 
lated. At that time an 18-gauge intravenous catheter 
was inserted and secured with Webrol, and a blood 
pressure cuff applied after the arm was wrapped with 
soft cotton padding. The patient was placed in left 
lateral decubitus and the lumbosacral spine was cleaned 
with an antiseptic (Betadine) spray. The back was 
draped and the L4-5 interspace and skin were injected 
with 1% lidocaine. An 18-gauge Hustead needle was 
inserted, and, using the loss of resistance technique, 
the epidural space identified. A 20-gauge epidural 
catheter was inserted 12 cm without difficulty. Col- 
lodion was applied to the insertion site, and the cath- 
eter was triple looped and fastened to the skin with 
two 4-0 silk stitches. The catheter was further secured 
by wrapping the site (around the abdamen) with 10- 
cm Webrol. 

After a negative aspiration and appropriate test 
doses, 5 ml of 0.375% bupivacaine was injected via 
the catheter, which was then attached to a 0.1% bu- 
pivacaine infusion at 10 mi/hr. © 

The patient was comfortable throughout labor until 
her cervix dilated to 10 cm and the fetus was at zero 
station. She remained in this state and a diagnosis of 
primary cephalopelvic disproportion, secondary to 
midpelvic contraction, was made. The patient was 
then scheduled for a Kerr cesarean section (transverse 
lower uterine segment). She was positioned on the 
surgical table, which was then tilted to the left. The 
epidural catheter was again aspirated prior to a test 
dose of 3 ml of 1.5% lidocaine with 1:200,000 epi- 
nephrine. A T-6 sensory block was established with 
20 ml of 2% lidocaine. Electrocardiogram electrodes 
were modified by cutting off all but 0.5 cm? adhesive 
on opposite sides of the circular patch. Blood pressure 
was monitored as described above, and a pediatric 
precordial stethoscope was placed over the precor- 
dium without tape. Surgery proceeded uneventfully 
and the postoperative period was uncomplicated. This 
infant had the same Apgar scores of 8 (1 min) and 9 
(5 min) as in case 1. The infant had no bullae at birth 
and no evidence of congenital problems. 


Discussion 

Epidermolysis bullosa (EB) is a group of genetically 
determined disorders characterized by blistering of 
the skin and certain mucosal membranes. The blisters 
arise spontaneously or as the result of minor trauma. 
Trauma to the skin in a parallel direction (as in rub- 
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bing) is more damaging than trauma in a perpendic- 
ular direction. 

several syndromes plus several variants are de- 
scribed. Recently electron microscopy has aided dif- 
ferentiation of the syndromes, but classification is pri- 
marily clinical. The syndromes are classified as scarring 
and nonscarring (1). | 

Dominant simple generalized EB, a nonscarring 
form, has automosal dominant inheritance, with an 
incidence of 1/50,000 live births. Bullae are formed by 
the disintegration of basal and suprabasal cells. Gen- 
eral physical development, as well as the hair, nails 
and teeth, are normal. Bullae usually develop in the 
first year of life and are most noticeable in areas of 
trauma such as the hands and feet. The condition 
persists throughout life but some cases have im- 
proved after puberty. The oral mucous membranes 
may be involved. 

Epidermolysis bullosa lethalis and simple localized 
EB are other examples of nonscarring EB. Epider- 
molysis bullosa lethalis is a more serious disease and 
is recessively inherited. This disease is evident at birth 
and most individuals die by the age of 3 months from 
fluid loss and infection. Localized EB involves pri- 
marily the hands and feet but is otherwise similar to 
generalized EB. 

Dominant dystrophic EB and recessive dystrophic 
EB are examples of scarring EB. Recessive dystrophic 
EB is the more severe form with most affected indi- 
viduals dying by their second decade. This disease 
leads to clublike, or loss of, limbs. Recurrent bullae 
of the esophagus are frequent and may lead to esoph- 
ageal stricture. Anemia and malnutrition are common 
also. Treatment is primarily symptomatic but steroids 
and phenytoin have been used to reduce bullae for- 
mation. 

Anesthetic management of patients with EB is di- 
rected toward avoiding trauma to the skin and mu- 
cous membranes. Trauma from adhesive tape, blood 
pressure cuffs, tourniquets, adhesive ECG electrodes 
or rubbing with alcohol wipes may cause bullae for- 
mation. Alcohol sponges may be used without rub- 
bing. If a blood pressure cuff is used, it should be 
padded. Intraarterial or intravenous catheters should 
be sutured in place or held in place by a gauze wrap. 
Oropharyngeal and nasopharyngeal airways as well 
as esophageal stethoscopes should be avoided if pos- 
sible, as they may lead to intraoral or intraesophageal 
bullae and bleeding (1). Bleeding from ruptured oral 
bullae has been treated successfully by epinephrine- 
soaked gauze applied to the bullae (2). Trauma from 
face masks is also a potential problem. Masks should 
have a soft air cushion and be coated with lubricant- 
soaked gauze. In addition, the jaw should be covered 
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with lubricant-soaked gauze where the fingers rest 
(1,3). Ketamine—diazepam anesthesia has been re- 
ported to be advantageous in patients with EB. Res- 
piration can be spontaneous and thus manipulation 
of the patient’s airway is minimal (4). 

A large series of EB patients who had general anes- 
thesia with endotracheal intubation has been re- 
ported, oral intubation being found to be relatively 
safe with only occasional intraoral bullae formation 
(5). Some patients with scarring EB may have a small 
scarred mouth and prove to be difficult to intubate. 
When intubation is necessary, generous lubrication 
of the laryngoscope and endotracheal tube is needed, 
and a smaller size tube than predicted should be used 
(1,3,5). Laryngeal involvement with recurrent airway 
obstruction has been reported in a patient with re- 
cessive dystrophic EB (6). This complication is ap- 
parently rare and there are no reports of tracheal in- 
volvement. 

Although avoidance of local anesthetic infiltration 
in EB patients has been recommended (7), we suc- 
cessfully used local skin infiltration in case 2 without 
bullae formation. If bullae do develop, they often be- 
come infected, usually by Staphylococcus aureus or B- 
hemolytic Streptococci. 

several diseases have an increased incidence in pa- 
tients with EB. Among these are porphyria, congen- 
ital pyloric atresia, amyloidosis, multiple myeloma, 
diabetes mellitus, and hypercoagulable states. Ane- 
mia, electrolyte abnormalities and malnutrition are 
common coexisting problems. Screening for porphy- 
ria is recommended by several authors before a gen- 
eral anesthetic because of the common use of barbi- 
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turates for induction. Other suggested preoperative 
laboratory tests include complete blood count, serum 
protein levels, urinalysis, electrolytes, and blood urea 
nitrogen (8). 

In summary, we report two patients with EB who 
underwent cesarean section. They were successfully 
anesthetized with regional anesthesia, and we give a 
brief review of suggested anesthetic management for 
these difficult patients. We believe regional anesthesia: 
should be considered in EB patients to prevent airway 
manipulation. 
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sudden Intraoperative Hypotension in a Patient with Asymptomatic 


Urticaria Pigmentosa 


Michael P. Hosking, MD, and Mark A. Warner, MD 


Urticaria pigmentosa is a usually benign and asymp- 
tomatic cutaneous variant of mastocytosis, a disorder 
distinguished by abnormal proliferation of tissue mast 
cells (1,2). Infrequently, the systemic variant of mas- 
tocytosis, characterized by abnormal, secretory mast 
cell aggregations in visceral organs and bone, may be 
concomitantly found in patients with urticaria pig- 
mentosa (3). These abnormal aggregations, if present, 
can abruptly release vasoactive mediators such as his- 
tamine and prostaglandin D, and produce acute, pro- 
found hypotension. Precipitating factors of release are 
unclear in most instances. 

Although cardiovascular instability during the an- 
esthetic management of patients with symptomatic 
systemic mastocytosis has been documented (4), there 
have been no reports of hemodynamic instability dur- 
ing the anesthetic management of patients with pre- 
viously asymptomatic urticaria pigmentosa. We re- 
port a case of profound intraoperative hypotension 
in an adult patient with asymptomatic urticaria pig- 
mentosa to emphasize to anesthesiologists the asso- 
ciation of urticaria pigmentosa and systemic masto- 
cytosis. 


Report of a Case 


A 70-yr-old, 72-kg, white female was scheduled for 
abdominal resection of a grade 1 adenocarcinoma of 
the rectum. Her past medical history included 20 yr 
of osteoporosis with compression fractures of the bod- 
ies of T-11, L-2, and L-5. In addition, urticaria pig- 
mentosa had been diagnosed in 1981 by forearm skin 
biopsy. The small, red-brown maculae characteristic 
of urticaria pigmentosa first appeared 3 yr prior to the 
diagnosis and had been asymptomatic. The patient 
had undergone three colonic polypectomies under in- 
travenous sedation from 1981 to 1985 and a left mod- 
ified radical mastectomy under general anesthesia in 
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1984. She had no difficulties with previous anes- 
thetics. Flexible sigmoidoscopy performed under in- 
travenous sedation 1 week prior to her surgery re- 
vealed a 1-cm sessile polyp at 22 cm containing an 
adenocarcinoma. 

Preanesthetic examination revealed multiple pig- 
mented maculae on her trunk and upper extremities 
and a grade 2/6 murmur at the cardiac apex. The re- 
mainder of her physical examination was normal. Pre- 
operative laboratory results, including a white blood 
cell differential count, were within normal limits. An 
ECG and chest roentgenogram were unremarkable. 

With the usual monitoring, including mass spec- 
trometry, pulse oximetry, and indirect measurement 
of blood pressure by sphygmomanometer and cuff, 
anesthesia was induced with thiopental 4 mg/kg in- 
travenously. Tracheal intubation was facilitated with 
succinylcholine, 1.5 mg/kg, intravenously. Anes- 
thesia was maintained with enflurane and nitrous ox- 
ide at an FIO? of 0.5 and supplemented with oxy- 
morphone, 1 mg, intravenously. Further muscle 
relaxation was achieved with metocurine, 8 mg, in- 
travenously after spontaneous return of neuromus- 
cular activity from the succinylcholine-induced block- 
ade. Approximately 90 min after anesthesia was 
induced and the last intravenous drugs were given, 
the patient became acutely hypotensive with a systolic 
blood pressure of 50 mm Hg and had generalized 
flushing. Prior to this episode, she had received no 
blood products and the tumor had been excised. The 
etiology of the hypotensive episode was uncertain; 
however, the patient was treated as if an anaphylac- 
toid reaction had occurred. The initial treatment con- 
sisted of an infusion of 2 L of lactated Ringer's so- 
lution, a bolus injection and subsequent intravenous 
infusion of epinephrine to a total dose of 1.5 mg, 
dexamethasone, 4 mg intravenously, and diphen- 
hydramine, 50 mg intravenously. A pulmonary artery 
catheter was placed via the right internal jugular vein; 
the initial pulmonary capillary wedge pressure was 1 
mm Hg. A radial artery catheter was placed and an 
arterial blood analysis at an FIO, of 1.0 revealed the 
Pao, to be 407 mm Hg, Paco, 44 mm Hg, pH 7.30, 
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and base excess — 6 mEq/L. For the first 15 min after 
the onset of flushing and hypotension, manual oc- 
clusion of the infrarenal aorta was required to main- 
tain a systolic blood pressure of greater than 50 mm 
Hg. Twenty-five minutes after the onset of hypoten- 
sion and flushing, the blood pressure returned to nor- 
mal and the pulmonary capillary wedge pressure in- 
creased to 11 mm Hg. She remained hemodynamically 
stable and the flushing faded. Surgery was completed 
and the patient was transferred to the intensive care 
unit. During the following 36 hr, she remained he- 
modynamically stable with the support of inotropic 
agents and the infusion of 7 L of fluid. She was ex- 
tubated on the second postoperative day and re- 
covered uneventfully. 


Discussion 


Sudden profound intraoperative hypotension re- 
quires an immediate response to the underlying cause. 
Because the generalized erythema that occurred si- 
multaneously with the onset of acute hypotension in 
our patient was felt to represent anaphylactoid shock, 
resuscitative efforts were instituted based on that clin- 
ical impression. The underlying etiology was unclear; 
however, the preoperative presence of urticaria pig- 
mentosa suggested the acute release of vasoactive me- 
diators as a possible etiology. 

There are five variants of mastocytosis: urticaria 
pigmentosa, systemic mastocytosis, solitary masto- 
cytoma, telangiectasia macularis eruptiva perstans, and 
diffuse cutaneous mastocytosis (1,2). Ninety percent 
of patients with mastocytosis present with asymp- 
tomatic urticaria pigmentosa. The majority of other 
patients with mastocytosis have systemic mastocy- 
tosis. Urticaria pigmentosa, a disease primarily of chil- 
dren, is characterized by multiple, small, red-brown 
maculae distributed most commonly on the trunk and 
upper extremities. In most patients, lesions are pres- 
ent within the first year of life. Adults who develop 
lesions usually do so prior to the age of 20 yr (3). The 
prognosis generally is quite good, with approximately 
half of the patients who have urticaria pigmentosa in 
childhood free of the skin lesions by adulthood. Sys- 
temic mastocytosis occurs more frequently in adults 
and involves visceral organs and, with rare excep- 
tions, the skin. As illustrated by our patient, there is 
some confluence of the variants of mastocytosis; for 
example, systemic mastocytosis develops in approx- 
imately 15% of patients in whom the skin lesions 
of urticaria pigmentosa initially appear after child- 
hood (3). 

Many of the symptoms of mast cell disease, in- 
cluding pruritis, urticaria, flushing, hypotension, and 
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syncope, have been attributed to histamine released 
from mast cells (5). However, mast cells are capable 
of releasing many other clinically significant mediator 
substances (2). Therefore, controversy exists over the 
efficacy of histamine, (Hı) and histamine; (H2) recep- 
tor blockade in attenuating the symptoms of mast cell 
release. In a recent double-blind clinical trial to eval- 
uate the relief of symptoms of mast cell release by 
treatment with H, and H> blocking agents, Frieri et 
al. (6) were unable to demonstrate any improvement 
with either H, or H, blockade. Prostaglandin D» may 
contribute to the hypotension frequently observed in 
mastocytosis and may account, in part, for the in- 
ability of histamine receptor blockade to attenuate this 
symptom (7). Heparin is another mediator substance 
released by mast cells. However, hemorrhagic com- 
plications are rare (8). 

Mediator release can occur via the classic anaphy- 
lactic mechanism involving the cross-linking of sur- 
face bound IgE or by non-IgE mechanisms. The latter 
type of response occurs in anaphylactoid reactions. 
The classic symptoms of mastocytosis are believed to 
be anaphylactoid in origin. A host of agents have been 
implicated as stimulators of mediator release and in- 
clude polymixin, quinine, morphine, codeine, d-tu- 
bocurarine, gallamine, aspirin, atropine, extremes of 
temperature, and stress (2). 

The major hazard of intraoperative management of 
patients with mastocytosis or its variants appears to 
be hemodynamic instability. Parris et al. (9) reported 
the development of hypotension requiring epineph- 
rine infusions in five of 42 patients with mastocytosis 
undergoing anesthesia and surgery. However, for the 
majority of patients with this disease complex, the 
intraoperative period is benign (9,10). Recommen- 
dations for anesthetic management of patients with 
either urticaria pigmentosa or mastocytosis appear to 
be empiric based on these reports. The preoperative 
use of H, and H, receptor blocking agents is often 
recommended (9,10), but their efficacy has not been 
documented. Similarly, premedication with aspirin 
has been advocated because of its inhibition of the 
production of prostaglandin D, (4), although aspirin 
has been implicated by some as a triggering agent for 
mediator release (2). The usefulness of aspirin for this 
purpose has not been proved. Potent inhalation agents 
tend to inhibit mast cell degranulation and theoreti- 
cally may be of benefit (11). Essential to the anesthetic 
management of a patient with mast cell disease is the 
ready availability of agents that may be used to treat 
anaphylactoid shock. In particular, intravenous epi- 
nephrine has been demonstrated to be the primary 
drug effective in reversing the hypotension associated 
with patients with mastocytosis (12). 


In summary, the association of systemic mastocv- 
tosis with asymptomatic urticaria pigmentosa in our 
patient, who was in the seventh decade of life, is 
unusual. Since her urticaria pigmentosa had been to- 
tally asymptomatic prior to surgery, we did not choose 
to premedicate our patient with histamine receptor 
blocking agents or aspirin. It is unknown whether 
such premedication would have avoided the abrupt 
anaphylactoid reaction seen in our patient. The use 
of epinephrine in this case was lifesaving. We report 
this case to alert anesthesiologists to the clinical im- 
plications of urticaria pigmentosa and its association 
with mast cell diseases. 
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Dependent PEEP during Two-Lung Ventilation 


in the Lateral Decubitus Position 


Anis Baraka, MD, Musa Muallem, MD, Maurice Baroody, MD, Abdel Nour Sibai, MD 
Sania Haroun, MD, Talal Mekkaoui, and Nada Usta, MD 


In anesthetized patients in the lateral decubitus po- 
sition, the dependent lung is less ventilated and more 
perfused than the nondependeént lung, resulting in 
ventilation—perfuision mismatching (1-3). A physio- 
logic solution to the adverse effects of anesthesia and 
surgery in the lateral decubitus position on the dis- 
tribution of ventilation and perfusion would be the 
application of selective positive end expiratory pres- 
sure (PEEP) to the dependent lung (2,3). Selective 
PEEP to the lower lung may increase ventilation of 
this lung by moving it up to a steeper, more favorable 
portion of the lung pressure-volume curve; it may 
also increase vascular resistance in the lower lung and 
shift more blood flow to the upper lung. 

The present report investigates the effect of selec- 
tive application of dependent PEEP in patients 
undergoing radical nephrectomy in the lateral decu- 
bitus position. The investigation compares the differ- 
ential distribution of ventilation between the depen- 
dent and the nondependent lungs, as well as the arterial 
Po, and Pco, levels before and after application of 
the dependent PEEP. 


Methods 


Selective PEEP was achieved using a single anesthetic 
machine by dividing the inspiratory and expiratory 
limbs of the soda-lime absorber by a wide-bore Y piece 
into two inspiratory and two. expiratory limbs. The 
two circuits were isolated by providing each limb with 
a unidirectional valve matching the inspiratory and 
expiratory valves of the machine. Dependent PEEP 
was selectively achieved by including an Emerson PEEP 
valve within the expiratory limb of the dependent 
lung. The tidal volumes exhaled from the dependent 
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lung and the nondependent lung were measured by 
two Wright spirometers (Fig. 1). 

The technique of dependent PEEP during two-lung 
ventilation was investigated in three patients sched- 
uled for right radical nephrectomy in the lateral de- 
cubitus position. Preoperatively, the chest and heart 
were clinically normal in all three patients. The pro- 
cedure lasted 3-5 hr, which permitted time for the 
establishment of a steady state and to use the patients 
as their own controls. 

Patients were premedicated with intramuscular 
meperidine 100 mg, promethazine 25 mg, and atro- 
pine 0.6 mg. Following preoxygenation, anesthesia 
was induced by thiopental 7 mg/kg, followed by suc- 
cinylcholine 1.5 mg to facilitate tracheal intubation 
with a double-lumen bronchial tube (Bronchocath). 
Each limb of the double-lumen tube was attached to 
one anesthesia circuit. After the appropriate position 
of the tube was determined by chest auscultation, it 
was firmly fixed and the patient turned to the lateral 
decubitus position with the right side up. Anesthesia 
was maintained with 50% nitrous oxide: oxygen sup- 
plemented by fentanyl 5 ug/kg, with neuromuscular 
blockade continued by the nondepolarizing muscle 
relaxant alcuronium. 

Ventilation of the two lungs was controlled 
throughout the procedure by one ventilator using a 
total exhaled tidal volume of about 15 ml/kg at a rate 
of 15/min. The driving inspiratory pressure varied be- 
tween 22 and 28 cm H,O. After 60 min of bilateral 
zero end expiratory pressure (ZEEP) ventilation, ar- 
terial Po and PCO, as well as the differential distri- 
bution of the tidal volume between the two lungs, 
were measuted. Ten centimeters of H:O PEEP was 
then added selectively to the dependent lung, and 
ventilation of the two lungs was continued using the 
same total tidal volume and respiratory rate. After 60 
min of dependent PEEP, the differential distribution 
of the tidal volume between the two lungs and the 
arterial blood gas tensions were measured and com- 
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Figure 1. Schematic diagram of the two circuits attached to a single 
anesthesia machine. An Emerson PEEP valve is installed on the 
expiratory limb of the dependent lung. Two Wright spirometers 
are used to measure the exhalation tidal volume of each lung. 


pared with values during ZEEP ventilation. The cen- 
tral venous pressure (CVP) was measured in the three 
patients before and after the application of dependent 
PEEP. Also, a thermodilution pulmonary artery (Swan- 
Ganz®) catheter was inserted in one of the patients 
to compare cardiac output and pulmonary artery pres- 
sure before and after application of dependent PEEP. 


Results 

Distribution of Ventilation 

During ZEEP ventilation of the two lungs with a tidal 
volume of about 15 ml/kg, the peak inspiratory pres- 
sure ranged between 22 and 28 cm HbO. The non- 
dependent lung was preferentially ventilated; about 
56% of the tidal volume was delivered to the non- 
dependent lung with only 44% going io the depen- 
dent lung. Adding selective PEEP (10 cm H0) to the 
dependent lung while maintaining two-lung venti- 
lation by the same total tidal volume did not change 
the peak inspiratory pressure. However, dependent 
PEEP was followed by a further increase in nonde- 
pendent lung ventilation of up to 63% of the total 
tidal volume whereas the dependent lung ventilation 
. decreased to 37% of the tidal volume (Table 1). 
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Arterial Blood Gases 


During ZEEP ventilation, the arterial PO, ranged be- 
tween 129 and 263 mm Hg, and the arterial Pco, 
between 30 and 43 mm Hg. Adding dependent PEEP 
did not change the Pco, in the three patients, and 
was followed by lowering Po, in one of the patients 
(Table 1). 


Hemodynamic Parameters 


Dependent PEEP was followed by an elevation of CVP 
in the three patients (Table 1). Also, PEEP was fol- 
lowed, in the patient whose hemodynamic parame- 
ters were measured, by a decrease of the cardiac out- 
put from 6.0 to 5.4 L/min, associated with an increase 
in the pulmonary artery pressure of from 18/8 to 21/13 
mm Hg. | 


Discussion 


In the awake patient in the lateral decubitus position, 
the dependent lung is better ventilated than the non- 
dependent lung, regardless of the side on which the 
patient is lying. The preferential ventilation of the 
dependent lung is matched by its increased perfu- 
sion (3). 

In anesthetized patients in the lateral position, ven- 
tilation is preferentially switched from the dependent 
to the nondependent lung. This may be related to an 
anesthesia-induced decrease in functional residual ca- 
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Table 1. Distribution of Tidal Volume Between Dependent (D) and Nondependent (ND) lungs, Arterial Po, and Pco, 
and Central Venous Pressure (CVP) Before and After the Application of Dependent PEEP* 


Patient ZEEP ventilation Dependent PEEP ventilation 
dal vol 
Age Weight ee Poz PCO2 CVP Er Po Pcoz CVP 
Sex (yr) (kg) ND (mJ) D (ml) (mmHg) (mmHg) (cm H:O) ND (m) D (ml) (mm Hg) (mm Hg) (cm H20) 
F 46 104 800 600 263 43 14 900 500 181 40 18 
F 56 70 600 500 230 30 8 700 400 228 29 14 
M 26 75 625 475 129 35 6 650 450 130 34 11 
Mean 675 525 207.3 36 9.3 750 450 180 43.0 14.3 
SD 109 66.0 69.8 6.6 4.2 132 50 49 5.5 3.5 


‘During ZEEP ventilation, the ND lung received 56% of the tidal volume and the D lung received 44% (P < 0.05). After dependent PEEP, the ND | 
received 63% of the total tidal volume and the D lung received 37% (P < 0.05). The application of PEEP also increased the CVP significantly (P < 0.02), but 


did not produce a significant change of Pos and Peo; (P > 0.1). 


pacity (FRC) that moves each lung to a lower but 
different part of the nonlinear pressure-volume (com- 
pliance) curve. The dependent lung moves from an 
initially steep (compliant) part of the curve to a lower 
and flat (noncompliant) part, and the nondependent 
lung moves from an initially flat part of the curve to 
a lower and steeper part (Figs. 2A and 2B). Also, the 
downward pressure of the mediastinum and the weight 
of the abdominal contents produce further reduction 
of FRC in the dependent lung and physically impede 
its expansion (3-5). In contrast to the preferential ven- 
tilation of the nondependent lung, the dependent lung 
is preferentially perfused, resulting in ventila- 
tion—perfusion (V/Q) mismatching (2); the nondepen- 
dent lung is more ventilated than perfused (dead space 
effect) and the dependent lung is better perfused than 
ventilated (shuntlike effect). Applying PEEP to the 
dependent lung can counteract this V/Q mismatching 
(2) by increasing the FRC of the dependent lung and 
moving it up to a steeper and more favorable part of 
the pressure—volume curve (Fig. 2C). It can also coun- 
teract the gravitational increased perfusion of the de- 
pendent lung and improve perfusion of the nonde- 
pendent lung (6). 

The present report confirms that during the lateral 
decubitus position in anesthetized patients, the non- 
dependent lung is preferentially ventilated. However, 
application of selective PEEP to the dependent lung 
was not associated with an increase in dependent 
lung ventilation or an improvement of arterial Po, 
and Pco;. In contrast, there was a further decrease 
in dependent lung ventilation associated with an in- 
crease in nondependent lung ventilation. Although 
the selective PEEP may increase the compliance of the 
dependent lung by moving it up to the steep part of 
the pressure—volume curve, it decreases the pressure 
difference between the driving inspiratory pressure 
and the intra-alveolar pressure. This decrease of pres- 


sure gradient may offset, or even exceed, the im- 
proved compliance of the dependent lung, ventilation 
thus being switched more preferentially to the non- 
dependent lung ventilated at ZEEP. Also, dependent 
PEEP increased the CVP in the three patients; it did 
not improve the arterial PO, but was even associated 
with a marked decrease in Po; in one of the patients 
and by a decrease in cardiac output in a second pa- 
tient. 

Optimal V/Q matching during two-lung ventilation 
in the lateral decubitus position by the use of selective 
dependent PEEP requires differential lung ventilation 
with even distribution of ventilation between the two 
lungs (6). Dependent PEEP counteracts the gravita- 
tional greater perfusion of the dependent lung, which 
will be matched by the equal distribution of ventila- 
tion between the two lungs. However, dependent 
PEEP associated with differential ventilation compli- 
cates the anesthetic technique by using a double-lu- 
men tube and by the simultaneous use of two anes- 
thesia circuits. 

The use of a general (i.e., bilateral) PEEP has been 
suggested for two-lung ventilation in the lateral de- 
cubitus position (7). General PEEP increases FRC in 
both lungs and hence shifts the nondependent lung 
to its original position on the flat, noncompliant part 
of the pressure-volume curve, whereas it improves 
the compliance of the dependent lung by restoring 
its position on the steep part of the curve (Fig. 2D). 
However, general PEEP can markedly decrease the 
cardiac output and exaggerate the gravitational dis- 
tribution of pulmonary blood flow (6). 

As shown by our report, the use of a high Fig, (0.5) 
and a large tidal volume (about 15 ml/kg) without 
PEEP can maintain adequate arterial Po, and Pco, 
levels during two-lung ventilation in the lateral de- 
cubitus position. The high Fio, and the large tidal 
volume may compensate for the V/Q mismatching 
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Figure 2. Diagrams showing the pressure (P)—-volume (V) curves 
of the dependent (L) lung and the nondependent (U) lung in the 
lateral decubitus position. (A) awake patient; (B) anesthetized pa- 
tient with ZEEP ventilation; (C) anesthetized patient with depen- 
dent PEEP ventilation; (D) anesthetized patient with general PEEP 
ventilation. 
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secondary to preferential ventilation of the nonde- 
pendent lung and preferential perfusion of the de- 
pendent lung. 

_ Inconclusion, during two-lung ventilation of anes- 
thetized patients in the lateral decubitus position, 
ventilation is preferentially distributed to the non- 
deperident lung. However, the use of a large tidal 
volume (about 15 ml/kg) and a high Fig, (0.5) for ven- 
tilation can maintain normal arterial Po. and Pco, 
levels. Applying selective dependent PEEP does not 
increase, and even decreases, dependent lung ven- 
tilation, and does not improve oxygenation or carbon 
dioxide elimination. It is suggested that the use of a 
high Fio, and a large tidal volume without PEEP, via 
an ordinary tracheal tube and a single anesthesia cir- 
cuit, may compensate for V/Q mismatch, and hence 
can be safety used for two-lung ventilation in the 
lateral decubitus position. 
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Safe Use of Succinylcholine during Repeated Anesthetics in a Patient 


Treated with Cyclophosphamide 


Judith B. Dillman, MD 


Cyclophosphamide (Cytoxan®), an antineoplastic 
chemotherapeutic agent related to the nitrogen mus- 
tards that have been in use for many years, has re- 
cently been employed as a therapeutic agent in an 
expanding number of diseases. Previously indicated 
only for the treatment of hematologic and solid tissue 
cancers, the drug is now being utilized for its potent 
immunosuppressive properties in nonneoplastic dis- 
orders associated with altered immune reactivity, in- 
cluding Wegener's granulomatosis, selected patients 
with systemic lupus erythematosus and rheumatoid 
arthritis, and the nephrotic syndrome in children, as 
well as in patients with autoimmune blood disorders, 
such as idiopathic thrombocytopenia. It is also being 
used prophylactically in patients undergoing bone 
marrow transplantation (1-3). 

This increasing use of cyclophosphamide is of po- 
tential concern to anesthesiologists because the drug 
has been reported to inhibit the enzyme 
plasma(pseudo)cholinesterase (4). In 1967, Mone and 
Mathie (5) stated that “the chances of patients on 
cyclophosphamide being exposed to a general anes- 
thetic with suxamethonium may seem remote.” If true 
then, it is less so today, when increasing numbers of 
patients being treated with cyclophosphamide are 
presenting for various surgical procedures. 

In the early 1960s, meturedepa, known as AB-132, 
was investigated as a potential antineoplastic agent. 
After reports of prolonged apnea with succinylcholine 
administration in patients receiving AB-132 (6), Mone 
and Mathie (5) tested the pseudocholinesterase levels 
of eight patients receiving cyclophosphamide 50 mg 
orally every day and reported a reduction of approx- 
imately 50% in pseudocholinesterase activity. Succi- 
nylcholine was not administered to any of these pa- 
tients, and the authors recommended that the drug 
not be used in patients receiving cyclophosphamide. 
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In 1972, Zsigmond and Robins (4) reported the in 
vitro inhibitory effect of cyclophosphamide and three 
other alkylating antineoplastic agents on plasma cho- 
linesterase. They recommended reduction in the dose 
of succinylcholine in patients treated with these types 
of chemotherapeutic agents. In 1972, Walker et al. (7) 
measured plasma cholinesterase activity in eight pa- 
tients being treated with cyclophosphamide and found 
depressed levels in seven of them. Only one patient, 
however, had surgery. This patient developed apnea 
attributed to a prolonged effect of succinylcholine, but 
this was not documented by use of a nerve stimulator. 

A search of the literature failed to reveal more re- 
cent reports of a potential relationship between cy- 
clophosphamide and pseudocholinesterase activity, 
and also indicated that the recommendations against 
usage of succinylcholine were not founded upon ac- 
tual clinical use with modern neuromuscular moni- 
toring techniques. In this report, we document the 
successful use of succinylcholine for 16 anesthetics in 
a patient continuously treated with cyclophospha- 
mide. 


Case Report 


A 31-yr-old male had been diagnosed as having We- 
gener’s granulomatosis in September 1984. After in- 
travenous therapy with cyclophosphamide for 10 days, 
the patient was maintained on 125 mg cyclophos- 
phamide orally every day from that time to the date 
of this report, June 1986. During this 21-month pe- 
riod, the patient had 16 surgical procedures (mostly 
bronchoscopies and dilations of subglottic stenosis— 
a sequela of his disease). During each of these surgical 
procedures, muscle relaxation was maintained with 
succinylcholine by either intermittent bolus or con- 
stant infusion. The extent of neuromuscular blockade 
was monitored visually by observing movement of 
the adductor pollicis with supramaximal ulnar nerve 
stimulation (0.1 Hz). Table 1 lists dosages of succi- 
nylcholine used and duration of neuromuscular 
blockade. Although the patient had a slightly pro- 
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Table 1. 
Surgical Total dose of Duration of 
procedure succinylcholine (mg) blockade (min) 
1 100 30 
2 110 50 
3 200 26 
4 200 30 
5 235 43 
6 150 20 
7 75 20 
8 150 15 
9 100 22 
10 300 30 
11 100 25 
12 100 55 
13 260 45 
14 60 25 
15 80 15 
16 150 15 


longed response to succinylcholine, this was never 
judged to be clinically significant and he was taken 
to the recovery room after each procedure with good 
spontaneous respirations. | 

Cholinesterase activity levels were determined prior 
to this patient’s most recent surgical procedure. The 
pH Stat method (8) for determination of plasma and 
red cell cholinesterase activities was utilized. The pa- 
tient did indeed have a marked reduction in plasma 
cholinesterase activity with an activity level of 1.23 
pmol-min~?-ml~?, whichis about one-third of normal 
(8). His red cell cholinesterase activity was normal. 
An atypical form of plasma cholinesterase was ex- 
cluded by the determination of the dibucaine number 
(9,10), which was 87%, within normal limits. To ex- 
clude more uncommon genetic variants reported by 
Whittaker (11) and by Lehmann and Liddell (12), which 
are not detected by dibucaine inhibition, an RO2-0683 
inhibition (13) was obtained, which was 73%—again 
within normal limits. (RO2-0683 is a dimethylcarba- 
mate of (2-hydroxy-5-phenylbenz])-trimethyl-ammo- 
nium bromide, a neostigmine derivative.) 


Discussion 

This is a clinical report of extended experience with 
a patient taking cyclophosphamide, vet repeatedly 
given anesthetics during which muscle relaxation was 
facilitated with succinylcholine. Despite markedly re- 
duced pseudocholinesterase activity levels, the pa- 
tient’s responses to properly monitored, reduced suc- 
cinylcholine dosages, although somewhat variable, 
have not been problematic. The absence of a pro- 
longed response to succinylcholine in this patient is 
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evidence that the genotype, as determined by dibu- 
caine and other inhibitors, is more clinically signifi- 
cant than a quantitative reduction of the typical pseu- 
docholinesterase enzyme. 

The variability in this patient’s duration of neuro- 
muscular blockade with a given total dose of succi- 
nylcholine administered during separate procedures 
could be attributable to several factors. 1) Without 
having pseudocholinesterase levels drawn on each 
occasion, it would be impossible to know the exact 
enzyme activity present on that day. Maximal plasma 
concentrations are achieved 1 hr after oral adminis- 
tration of cyclophosphamide, the half-life in plasma 
of which is about 7 hr (1). Although cyclophospha- 
mide causes irreversible inhibition of the pseudocho- — 
linesterase enzyme, the constant synthesis of new 
enzymes by the liver may result in variations over 
time in the proportion of pseudocholinesterase that 
is inhibited. 2) The total dose of succinylcholine nec- 
essary for blockade for a given time period would vary 
according to delivery by constant infusion or inter- 
mittent bolus. We were able to avoid prolonged apnea 
with either method of infusion through the use of a 
peripheral nerve stimulator. 

We conclude that succinylcholine can be admin- 
istered to patients taking cyclophosphamide, but 
anesthesiologists should be aware that: 1) there are 
several new indications for cyclophosphamide that 
increase the chance that patients presenting for anes- 
thesia may be taking the drug; 2) several of these new 
indications require short, repeated anesthetics, for 
which succinylcholine is frequently chosen; and 3) 
proper neuromuscular monitoring is essential if ov- 
erdosage and prolonged apnea are to be avoided. 
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Hemodynamic Responses Associated with Lithotripsy 


Rahim Behnia, Mb, Colin A. Shanks, MD, FFARACS, Andranik Ovassapian, MD, and 


Lawrence A. Wilson, MD 


Extracorporeal shock wave lithotripsy (ESWL) for the 
treatment of kidney and ureteral stones is today a 
highly popular and widely used alternative to per- 
‘cutaneous nephrolithotomy and surgical removal of 
urinary stones. Its advantages include a high success 
rate, low morbidity, shorter hospital stay, and lower 
cost (1,2). 

Because ESWL produces a painful stimulus, gen- 
eral or regional anesthesia is required to prevent not 
only pain but also movement by the patient that might 
alter the position of a stone targeted on the image 
intensifier screen (3). Extracorporeal shock wave lith- 
otripsy requires that the anesthetized patient be im- 
mersed in water in a semisitting position while high 
energy shock waves are delivered to the kidney to 
crush the stone (4). Anesthesia, immersion in water, 
and ESWL itself may significantly affect the cardio- 
vascular system and the kidney (3-7), but the cardio- 
vascular responses have not been quantitated in de- 
tail. We therefore undertook the present study in 11 
patients of hemodynamic changes associated with 
general anesthesia and ESWL, as measured by a 
transesophageal Doppler ultrasonic cardiac output 
monitor, other methods for measuring hemodynamic 
function being difficult in patients almost totally im- 
mersed in water. 


Methods and Materials 


Hemodynamic responses associated with ESWL were 
measured in 11 unpremedicated patients, six women 
and five men, with no known cardiopulmonary dis- 
ease. The mean age was 53 + 15 yr (range 31-74), 
weight 79 + 21 kg (range 58-119), and height 156 + 
7 cm (range 149-173) (Table 1). A peripheral vein was 
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cannulated and 5% dextrose in lactated Ringer’s so- 
lution was given at a rate of 6-8 ml-kg~*-hr~* to in- 
crease urine output and thus wash out pulverized. 
stones from the urinary tract. The electrocardiogram 
was monitored. Because the ESWL shock wave gen- 
erator is triggered by the R-wave of the ECG, atropine, 
0.3-0.4 mg, was given intravenously to maintain heart 
rate and shock waves over 80/min. 

Eight patients were placed on the lithotripsy chair 
before the induction of anesthesia. Three patients were 
anesthetized on a cystoscopy table, their ureteral stones 
then being pushed into the renal pelvis via a cysto- 
scope before the patients were transferred to the lith- 
otripsy chair for ESWL. Anesthesia was induced in 
all patients with thiopental, 4-6 mg/kg, followed by 
intubation with the aid of succinylcholine. After re- 
covering from succinylcholine, vecuronium, 0.06-0.08 
mg/kg, was given intravenously and ventilation con- 
trolled with a volume-cycled ventilator to maintain 
end-tidal carbon dioxide at 33 + 2mm Hg. Anesthesia 
was maintained with isoflurane, 1.01 + 0.25%, in 50% 
nitrous oxide and oxygen. The patients, strapped on 
the lithotripsy chair, were immersed in the bath to 
the level of their clavicles with water at 37°C. After 
immersion the position of the lithotripter chair and 
the patient’s posture were adjusted via a computer- 
assisted remote control panel to focus the high power 
shock waves on the targeted stone as seen on the 
image intensifier screen. Each electrode in the litho- 
tripter’s capacitor delivers 700-800 shocks; after a first 
round of treatment the electrode was replaced to de- 
liver a second round of treatment. The time needed 
to change electrodes and begin the second series of 
shocks averaged 6—8 min. 

Systemic arterial pressure was measured by a non- 
invasive blood pressure monitor (Accutorr II Data- 
scope Corp., Paramus, NJ) every 2.5 min, body tem- 
perature was monitored by an esophageal temperature 
probe, and end-tidal concentrations of carbon diox- 
ide, oxygen, isoflurane, and nitrous oxide were mea- 
sured via a mass spectrometer (Perkin-Elmer, Pom- 
pona, CA). A transesophageal ultrasonic Doppler probe 
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Table 1. Clinical Details of Patients 





am 
Á| 


Number of patients 


Age (yr) 53 + 15 
Weight (kg) 79 + 21 
Height (cm) 156 £7 
End-tidal carbon dioxide (mm Hg) 33 + 2 
Body temperature (°C) 37.2 + 0.5 
Number of delivered shocks for two 1309 + 277 
rounds of treatments 
Total immersion time in ESWL 44+ 17 


water bath (min) 


Values are mean + SD. 


(Accucom, Datascope Corp., Paramus, NJ) was in- 
serted into the esophagus to measure cardiac output. 
The position of the probe was adjusted until an op- 
timal signal echo level was achieved to compute car- 
diac output. 

Although the cardiac output was measured contin- 

uously to enable comparisons to be made between 
subjects, the reported mean + SD values are those 
obtained over 3 min during each of the following pe- 
riods: 1) after immersion in the water bath, immedi- 
ately prior to shock wave therapy (control); 2) during 
the last 3 min of the first round of treatment (treat- 
ment 1); 3) during the last 3 min of the pause to insert 
the new electrode (posttreatment 1); 4) during the last 
3 min of the second round of treatment (treatment 2); 
and 5) 10 min after completion of treatment with the 
patient in the same position and' still immersed in 
water (posttreatment 2). Systemic vascular resistance 
(SVR) was calculated from mean arterial pressure 
(MAP) and cardiac output. 
- After analysis of variance for repeat measurements, 
a Scheffé test was used to make comparisons between 
means (8). Differences were considered statistically 
significant with P < 0.05. 


Results 


Mean arterial pressure was 98 + 7 mm Hg (mean + 
SD) before induction of anesthesia, 76 + 9 mm Hg 
after induction of anesthesia, 80 + 11 mm Hg after 
immersion in water, and 96 + 18 and 100 + 17, re- 
spectively, after the first and second rounds of treat- 
ment (Table 2). No significant changes in heart rate 
occurred during the study. Mean cardiac output, 4.8 
L/min prior to the first treatment, decreased to 4.1 
L/min after the first round of treatment, then grad- 
ually increased to 4.7 L/min after treatment 1 before 
decreasing to 4.3 L/min after the second round of 
treatment. Systemic vascular resistance increased from 
a control value of 1461 dyne-sec-:cm™” to 1990 
dyne-sec-cm~° during the first treatment, decreased 


to 1620 dyne-sec:cm~> between treatments and in- 
creased to 1991 dyne-sec-cm™° during the second round 
of treatment. Mean arterial pressure, cardiac output, 
and SVR all returned to control levels within 10 min 
after completion of the treatment (Table 2). The av- 
erage total immersion time in the lithotripsy bath was 
44 + 17 (mean + SD) min and the average total num- 
ber of shocks delivered during the two treatments was 
1309 + 277 (Table 1). 

Analyses of variance for repeat measures showed 
statistically significant changes in cardiac output, MAP, 
and SVR. Using the Scheffé test to compare means, 
both lithotripsy treatments were associated with sta- 
tistically significant differences between contiguous 
observations of most variables (Table 2). 


Discussion 

Extracorporeal shock wave lithotripsy is a noninva- 
sive, relatively safe and effective method for treat- 
ment of urinary tract stones. The physical properties 
and acoustic densities of biologic tissues and solid 
abdominal organs are similar to water so ultrashort 
high energy shock waves are able to reach the urinary 
stone without significant tissue damage. However, 
Kaude et al. (5), using magnetic resonance imaging 
(MRI) and radionuclide renal function tests, have 
shown loss of corticomedullary differentiation, sub- 
capsular hematoma, and partial parenchymal obstruc- 
tion pattern after ESWL. These findings have been 
attributed to renal contusion similar to that reported 
in external mechanical trauma (9). Because of these 
acute changes, a 3-month follow-up study of patients 
treated with ESWL has been suggested to determine 
the reversibility of the renal structural changes (5). 

To minimize the risk of initiating cardiac arrhyth- 
mias, shock waves are triggered by the R-wave of the 
ECG and delivered to the kidney during the myo- 
cardia] refractory period. However, ventricular and 
supraventricular arrhythmias have been reported 
during ESWL (10,11). Most of these have been self- 
limited and did not need treatment, but some re- 
quired treatment with intravenous lidocaine, and in 
one patient ESWL was terminated due to persistence 
of arrhythmia (11). 

Anesthesia for ESWL presents a special challenge 
for the anesthetist: the patient is in a head-up posi- 
tion, respiration must be controlled because the pa- 
tient is paralyzed, the patient is immersed in water, 
and high energy shock waves may affect the cardio- 
vascular system and the kidney (5,12). Although the 
head-up position during anesthesia can be associated 
with hypotension, peripheral pooling of blood and 
diminished venous return to the heart are decreased 
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Table 2. Hemodynamic Responses to Extracorporeal Shock Wave Lithotripsy 


Mean arterial 

Heart Rate pressure 

Period (beats/min) (mm Hg) 
Control 89 + 7 &0 + 11 

Treatment 1 90 + 11 G6 + 18° 
Posttreatment 1 90 + 10 89 + 16 
Treatment 2 89 +9 100 + 17 
Posttreatment 2 91+ 17 1+ 8 


Significant difference obtained between contiguous observations (F < 0.05). 


“by immersion in water (6) to the point that cardiac 
. output and blood pressure are unchanged (7). Duvall 
and Griffith (3), for example, observed a 20% decrease 
in systolic blood pressure in ten patients given epi- 
dural anesthesia for ESWL, but in seven of the ten 
immersion in water restored blood pressure to nor- 
mal. Vasopressors and hydration were needed to treat 
the hypotension in the remaining three. Frank et al. 
(10) have reported both hypotension and bradycardia 
with ESWL during general anesthesia. Our patients, 
however, had neither bradycardia nor dysrhythmias. 
They received atropine, 0.3-0.4 mg intravenously, to 
maintain the heart rate over 80/min, and this may 
have contributed to the absence of bradycardia. 

With the Doppler technique, cardiac output is com- 
puted from the product of the heart rate and stroke 
volume. The stroke volume is calculated from the 
product of aortic cross section, and flow velocity in- 
tegral (FVI). The FVI itself is calculated from the prod- 
uct of aortic peak flow velocity (determined from Dop- 
pler shift) and half of ejection time during systolic 
period. (13). Our inherent assumptions in measuring 
cardiac output by. this technique were: 1) the absence 
-of aortic valve disease, 2) a smooth round aortic cross 
section, 3) a negligible change in the diameter of the 
- aorta during the cardiac cycle, and 4) minimal inter- 

~ action between the lithotripter high frequency shock 
wave and ultrasound transducer. The Doppler echo- 
cardiographic determination of cardiac output corre- 
lates well with cardiac output measured by the ther- 
modilution method (14-16). 

Cardiac arrhythmias, myocardial ischemia and in- 
farction, cerebrovascular accidents, and renal subcap- 
sular hematoma and demarcation of the corticome- 
. dullary region have been reported after ESWL (12), 
suggesting cardiovascular stress responses to ESWL. 
Our study demonstrated a reduction in cardiac output 
together with an increase in MAP and SVR, all of 
which can be detrimental to patients with cardiovas- 
cular disease. 


Systemic vascular 


Cardiac output resistance 
(Limin) (dyneseccm >’) 
4.80 + 1.06 1461 + 372 
4.11 + 1.25° 1990 + 547" 
4.71 + 1.31 1620 + 524 
4.27 + 1.31% 1991 + 62% 
5.00 + 1.28 1540 + 508 
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Changes in QT Interval during Anesthesia with Thiopental, Vecuronium, 


Fentanyl, and Isoflurane 


Niall C. T. Wilton, MRCP, FEARCS, and Charles B. Hantler, MD 


Congenital long QT syndrome (LQTS) is a rare ab- 
normality that can present at a young age with syn- 
copal attacks (resulting from ventricular arrhythmias) 
or sudden death (1). It is thought that LQTS results 
from an asymmetrical adrenergic stimulus to the heart, 
which leads to delayed repolarization of the ventricle 
(manifested by a prolonged QT interval), lowering of 
the threshold for ventricular fibrillation, an increase 
in the duration of the vulnerable phase, and an in- 
crease in ventricular excitability (2). Untreated, these 
patients have a mortality of 70%, but treatment with 
beta-blockers shortens the QT interval and greatly 
decreases the mortality (1). There are 11 case reports 
describing the anesthetic management of these pa- 
tients but only in two (3,4) were any measurements 
of the QT interval made perioperatively. Changes in 
the QT interval associated with surgery and anes- 
thesia in patients with LOTS remain undocumented 
(5). This report documents the effect of thiopental, 
vecuronium, fentanyl, and isoflurane on the QT in- 
terval in a patient with LQTS during an uneventful 
anesthetic, in whom previous therapy with propran- 
olol failed to shorten the QT interval. 


Case Report 


A 37-yr-old woman with known LQTS was scheduled 
for an elective abdominal hysterectomy. The diag- 
nosis of LOTS had been made 10 yr previously when 
the patient suffered a cardiac arrest at home, was 
admitted to the hospital in ventricular fibrillation, and 
was successfully resuscitated. After a thorough workup 
(including cardiac catheterization that revealed nor- 
mal coronary arteries), the patient was diagnosed as 
having LQTS on the basis of a QT interval corrected 


Received from the University of Michigan Medical Center, Ann 
Arbor, Michigan. Accepted for publication October 30, 1986. 

Address correspondence to Dr. Wilton, Department of Anes- 
thesiology, Room 1G323, Box 0048, University of Michigan Medical 
Center, 1500 E. Medical Center Drive, Ann Arbor, MI 48109. 


for heart rate (QTc) of 0.47 sec (the normal QTc < 
0.44 sec). A left stellate ganglion block performed at 
the time of diagnosis failed to shorten the QT interval 
and the patient was started on propranolol, 20 mg 
four times a day, which she has taken since that time. 
Since the diagnosis, the patient has remained asymp- 
tomatic. Serial ECGs during the intervening years 
showed a QTc of 0.47-0.54 sec despite continuing 
propranolol therapy. The patient was not deaf, nor 
was there any family history of deafness or sudden 
death. There was no other relevant medical history, 
the serum electrolyte levels were normal (specifically 
calcium and potassium, which are known to alter the 
QT interval), and the patient was taking no other 
medications. 

On admission, examination showed a healthy pa- 
tient who weighed 53 kg. The patient was clinically 
euthyroid. Blood pressure was 100/60 mm Hg, the 
heart rate was 53 beats/min, the rhythm regular. Aus- 
cultation of the precordium revealed normal heart 
sounds, with no added sounds. A standard 12-lead 
ECG showed sinus bradycardia with a rate of 53 
beats/min and a QT interval of 0.48 sec (QTc = 0.47 
sec). Preoperatively, the patient was given her normal 
morning dose of propranolol and was not premedi- 
cated, although 2.5 mg of diazepam was given intra- 
venously for sedation while baseline measurements 
were made. Prior to and during the operation, two 
ECG leads selected for the best determination of the 
T-waves (leads II and V5) were monitored continu- 
ously. Measurement of the QT interval was made at 
intervals from strip chart recorders running at a speed 
of 50 mm/sec. For each reading, lead II was used as 
the end of the T-wave was most easily measured from 
this lead. Five successive RR intervals and QT inter- 
vals were determined, then averaged and the QTc 
derived from the formula of Bazett (6): 


QTi 


QTc = JRR sec 





Table 1. Changes in QT Interval during Anesthesia 


Time from 
Events induction QTI 
(see text) (min) (secs) 
A =] 0.49 
Thiopental 
B 1 0.45 
C 2 0.47 
Vecuronium + 66% N0 
D 3 0.48 
E 7 0.47 
Isoflurane 3% 
F 9 0.46 
G 13 0.41 
Intubation 
14 0.42 
Isoflurane 1% 
I 19 0.42 
Fentanyl 
J 20 0.43 
K 23 0.45 
L 50 0.42 
M 120 0.46 
N 158 0.46 
Glycopyrrolate/neostigmine 
O 159 0.45 
P 162 0.43 
Q 165 0.42 


Each measurement was given a letter related to its 
timing during the anesthetic. 

The first QTc measurement (A) was made imme- 
diately before induction of anesthesia with 250 mg 
thiopental, with additional measurements being made 
1 min (B) and 2 min (C) thereafter while the patient 
was breathing 100% oxygen. After measurement (C), 
6 mg vecuronium was administered and the patient 
ventilated with 33% oxygen and 66% nitrous oxide. 
Further measurements of QTc were made 1 min (D) 
and 4 min (E) after vecuronium. Isoflurane, 3%, was 
then added and the patient ventilated by mask. QTc 
was again measured 1 min (F) and 5 min (G) later. 
Tracheal intubation was uneventfully performed and 
the isoflurane concentration reduced to 1% with a 
further measurement (H) made. After 5 min, 250 ug 
of fentanyl was given and QTc measured immediately 
before (I) and 1 min (J) and 3 min (K) afterwards. Two 
additional measurements were made 50 min (L) and 
120 min (M) after induction at a time when the con- 
centration of isoflurane in the inspired air was main- 
tained at 1%. At 150 min after induction of anesthesia, 
isoflurane was discontinued, and 3 min later, the ni- 
trous oxide was discontinued. Glycopyrrolate, 0.6 mg, 
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Systolic/ 
diastolic 
R-R interval Heart rate QTc blood pressure 
(secs) (beats/min) (secs) (mm Hg) 
1.00 60 0.49 100/60 
0.86 70 0.49 
0.89 67 0.50 95/55 
0.94 64 0.50 100/60 
0.96 63 0.48 110/70 
0.92 65 0.48 100/60 
0.91 66 0.43 100/60 
0.80 75 0.47 100/70 
0.80 75 0.47 
1.01 59 0.43 95/60 
1.01 59 0.45 
0.78 TI 0.48 110/65 
0.92 65 0.48 120/60 
0.88 68 0.49 120/70 
0.79 76 0.51 
0.80 75 0.48 130/80 
0.78 77 0.48 


and neostigmine, 2.5 mg, were given to reverse the 
neuromuscular blockade and 6 min later the patient 
was extubated. Measurements of QTc were made be- 
fore (N), at 1 min (O) and 3 min (P) after reversal, 
and 1 min (Q) after extubation. The patient was visited 
24 hr postoperatively and a final set of QTc measure- 
ments made. 


Results 


The heart rate, QTi, RR interval, and QTc are shown 
in Table 1, with the letters corresponding to events 
in the case report. No dysrhythmias occurred during 
the operative procedure. Twenty-four hours after sur- 
gery, the patient was in sinus rhythm with a heart 
rate of 70 beats/min and a QTc of 0.48 sec. 


Discussion 


Patients with LQTS are at risk of syncopal attacks and 
sudden death from ventricular dysrhythmias. These 
attacks may be triggered by events that cause in- 
creased sympathetic activity (1). Successful anesthetic 
management thus seems to include avoidance of drugs 
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or events that either sensitize the myocardium to cate- 
cholamines or increase sympathetic activity and of 
drugs that prolong the QT interval. 

In the preoperative preparation, it is important that 
the patient continue to receive any beta-blocker ther- 
apy as it is this therapy that has been associated with 
the most effective reduction in mortality from this 
condition (1). Although propranolol therapy did not 
shorten the QT interval in this patient, it may still 
exert a beneficial effect by blocking sympathetic ac- 
tivity and increasing the threshold for ventricular fi- 
brillation (7). 

Thiopental, the agent often used for induction of 
anesthesia, prolongs the QT interval slightly in nor- 
mal patients about 90 sec after injection (8), but its 
effect in patients with LQTS is not known. In our 
patient, the QTc, which was already prolonged, re- 
mained essentially unchanged for the first 2 min after 
thiopental injection. 

In considering neuromuscular blockade, it was de- 
cided to avoid use of succinylcholine since in normal 
patients it greatly increases the QT interval (8). Use 
of succinylcholine in patients with LQTS has been 
devoid of adverse side effects (9,10), but it has also 
been associated with ventricular fibrillation (4,11). 
Pancuronium has been used to provide muscle relax- 
ation in patients with LQTS without problems (9,12) 
despite its sympathomimetic activity. A recent review 
of the congenital QT syndrome (5) states that pan- 
curonium is associated with ventricular fibrillation, 
but review of the case reports to date does not sub- 
stantiate this fact. It was, nevertheless, dedded to use 
vecuronium in this patient because, although struc- 
turally related to pancuronium in clinically used doses, 
it does not cause sympathetic stimulation (13). Ve- 
curonium in our patient was associated with a slight 
decrease in the QTc from 0.50 to 0.48 sec 4 min after 
injection. 

Isoflurane has been used in two patients with the 
LOTS without adverse effects. In one patient, fen- 
tanyl was administered before isoflurane and the ad- 
dition of isoflurane shortened the OT interval but did 
not return it to the normal range (4). In the other 
patient, the QT interval was not measured during 
anesthesia (10). In our patient, 3% isoflurane de- 
creased the QTc from 0.48 to 0.43 sec after 4 min, an 
effect that was reversed during laryngoscopy and in- 
tubation. Isoflurane has a further potential beneficial 
effect in that it has been shown to increase the thresh- 
old for ventricular arrhythmias in response to exog- 
enously administered epinephrine (14). 

Halothane has been used in two patients with LOTS 
(15,16), one of whom developed ventricular fibrilla- 
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tion during anesthesia (15). Enflurane has also been 
used in two patients with LQTS without adverse ef- 
fects (17,18). 

Fentanyl at a dose of 5 ug/kg was associated with 
a decrease in QTc from 0.47 to 0.43 sec 1 min later 
and 3 min later it was 0.45 second, suggesting that 
fentanyl may be useful in patients with LOTS. The 
QTc returned to a baseline value of 0.48 secs with the 
onset of surgery, and remained at this level through- 
out the surgery. 

Reversal of neuromuscular blockade with 0.6 mg 
of glycopyrrolate and 2.5 mg neostigmine was accom- 
panied in our patient by a temporary increase in the 
QTc to 0.51 sec 1 min after injection, but by 3 min the 
QTc had returned to the previous value of 0.48 secs. 
Extubation did not affect the QTc. 

This report suggests that thiopental, vecuronium, 
isoflurane, and fentanyl are safe drugs in patients 
with LOTS and reconfirms the beneficial effects and 
safety of isoflurane in patients with this syndrome. 
Isoflurane and fentanyl may both have temporary 
beneficial effects on the QTc when it is prolonged in 
LOTS but this appears to be overcome by the stim- 
ulation of intubation and surgery. 
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Osmolalities of Commercially Supplied Drugs 


Often Used in Anesthesia 


Herwig Bretschneider, MD 


In a recent study, Furuya and Okumura described 
hemolysis after administration of high-dose fentanyl 
(1). In a study of the effects of fentanyl on respiratory 
patterns in dogs (2), we used doses up to 167.5 pg/kg 
and found that hemolysis occurred regularly 5 min 
after total doses of 27.5 wg/kg or more. In looking for 
a reason, we found the osmolality of fentanyl to be 
nearly 0 mOsm/kg water, i.e., the same as distilled 
water. 

Itis well known that a solution of 0.4% NaCl, which 
has an osmolality of about 130 mOsm/kg water (3), 
causes hemolysis. Thus, all drugs with a similar or a 
lower osmolality will do the same, the amount of 
hemolysis depending on the volume administered. 
Because there seems to be a general lack of infor- 
mation about the osmolalities of commercially sup- 
plied solutions, by means of a Knauer-Osmometer 
scaled up to 1600 mOsm/kg water we determined the 
osmolalities of some drugs we administer in daily 
practice. Drugs with an osmolality above 1600 mOsm/kg 
water were diluted 1:10 with distilled water and the 
result multiplied by 10. Discrepancies between mea- 
sured and theoretic freezing point depression (os- 
motic coefficients) were disregarded. The different 
methods of correcting for the supercooling error and 
the rationale for the technique used in modern os- 
mometry are discussed elsewhere (4). 

Looking at the results (Table 1), the osmolalities of 
drugs often used in anesthesia ranged between 0 (fen- 
tanyl) and 10,800 mOsm/kg water (phenobarbital). Six 
of the 65 drugs measured showed an osmolality below 
130 mOsm/kg water, 42 between 130 and 400, 6 be- 
tween 401 and 1000, 8 between 1001 and 5000, 2 be- 
tween 5001 and 10,000, and 1 had an osmolality of 
more than 10,000 mOsm/kg water. 

There seems to be no pharmacologic reason why 
the osmolality of commercially supplied solutions of 
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Table 1. Osmolalities of Drugs Used in Our Department 
in mOsm/kg H20 Disregarding Osmotic Coefficient 


Drug 


Alfentanil, 0.5 mg/ml 

Atropine, 0.5 mg/ml 

Bupivacaine, 5 mg/ml 

Bupivacaine, 5 mg/ml in 8% 
glucose 

Buprenorphine, 0.3 mg/ml 

Calcium gluconate, 10% 

CaCh, 10% 

Clonidine, 0.15 mg/m] 

Dantrolene, 1 mg/3 ml in 5% 
mannitol 

Dexamethasone, 4 mg/ml 

Diazepam, 5 mg/ml “Valium 
Roche” 

Diazepam, 5 mg/ml “Valium MM 
Roche” 

Diazepam, 5 mg/ml “Diazemuls’’ 
(Kabi) 

Diazoxide, 15 mg/ml 

Dobutamine, 5 mg/ml 

Dopamine, 10 mg/ml 

Droperidol, 2.5 mg/ml 

Epinephrine, 1 mg/ml 

Etomidate, 2 mg/ml 

Fentanyl, 0.05 mg/ml 

Flunitrazepam, 2 mg/ml 

Furosemide, 10 mg/ml 

Hexobarbital, 100 mg/ml 

Ketamine, 10 mg/ml 

Ketamine, 50 mg/ml 

KCI, 7.45% 

Levallorphan, 1 mg/ml 

Lidocaine; lignocaine, 10 mg/ml 

Lidocaine; lignocaine, 20 mg/ml 

Lidocaine, 50 mg/ml in 7.5% 
glucose 

Mannitol, 20% 

Meperidine; pethidine, 50 mg/ml 

Mepivacaine, 20 mg/ml 

Metoclopramide, 5 mg/ml 

Midazolam, 5 mg/ml! 

Morphine HCI, 10 mg/ml 

NaCl, 0.9% 

NaHCOs, 4.2% 

NaHCO, 6% 


Osmolality 
(mOsm/kg water) 
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Table 1. (continued) 


Osmolality 
Drug (mOsm/kg water) 
NaHCOs, 8.4% 1815 
Naloxone, 0.4 mg/ml 301 
Sodium Nitroprusside, 290 
Neostigmine, 0.5 mg/ml 251 


Nifedipine, 0.1 mg/kg 
Nitroglycerin, 1 mg/ml 
Norepinephrine, 1 mg/ml 
Pancuronium, BR 2 mg/ml 
Pentazocine, 30 mg/ml 
Pethidine; meperidine, 50 mg/ml 
Phenobarbital, 200 mg/ml 
Phenytoin, 50 mg/ml 
Physostigmine, 0.4 mg/ml 
Pindolol, 0.2 mg/ml 
Prednisolone, 125 mg/ml 
Promethazine, 25 mg/ml 
Propranolol, 1 mg/ml 
Ranitidine, 10 mg/ml 
Scopolamine, 0.5 mg/ml 
Spironolactone, 20 mg/ml 
Succinylcholine; suxamethonium, 
50 mg/ml 
Theophylline, 24 mg/ml 
Thiopental, 25 mg/ml 
Thiopental, 100 mg/ml 


d-Tubocurarine, 3 mg/ml 296 
Vecuronium, 4 mg/ml 292 
Verapamil, 2.5 mg/ml 290 


fentanyl is 0. It is possible to change the osmolalities 
of commercial drug preparations. Diazepam, 10 mg, 
for example, has widely different osmolalities: Valium 
Roche = 7775 mOsm/kg water; Valium MM Roche = 
243 mOsm/kg water; and Diazemuls = 349 mOsm/kg 
water. 

Apparently none of the investigators who have' used 
high (2,5) and even massive (6) doses of fentanyl' have 
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been aware of the low osmolality of fentanyl solu- 
tions. Dogs given fentanyl up to total doses of 167.5 
pg/kg have survived (2,5). But with doses up to 10 
mg/kg (i.e., 200 ml/kg, which is about twice the dog’s 
blood volume), as used by De Castro et al. (6), the 
dogs did not survive. Toxicologic effects, including 
sympathomimetic stimulation and convulsions, etc., 
which the authors attributed to massive-dose fen- 
tanyl, were due rather to the massive amount of al- 
most pure water than to the drug itself. These effects 
can be explained on the basis of cellular hypoxia caused 
by the strong hemolysis, and/or cellular edema caused 
by the decrease in plasma osmolality. 

In evaluating the data in Table 1, it should be borne 
in mind that the data, based on drugs supplied to our 
institution, may not apply to the same drugs supplied 
to all institutions. The osmolality of commercially sup- 
plied solutions of drugs varies from manufacturer to 
manufacturer. 
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A Retrospective Analysis of Failed Spinal Anesthetic Attempts in a 


Community Hospital 


Laxmaiah Manchikanti, MD, Clyde Hadley, BS, CRNA, Stephen J. Markwell, BA, and 


Jerry A. Colliver, PhD 


Since the introduction of spinal anesthesia more than 
85 years ago, there have been numerous periods of 
enthusiasm and condemnation associated with ever 
changing attitudes to and concepts of spinal anes- 
thesia (1). With increased understanding of the phys- 
iology and pharmacology of spinal anesthesia, it is 
now established as one of the most useful forms of 
anesthesia, providing excellent analgesia and relax- 
ation, with documented safety and relative ease of 
administration. However, Levy et al. (2) recently re- 
ported a 17% incidence of failure of spinal anesthetics 
in a university teaching hospital. Clinical reports de- 
scribing inability to induce spinal anesthesia, the in- 
cidence of inadequate spinal anesthesia and factors 
associated with spinal failure are limited. The purpose 
of this retrospective study was to determine the in- 
cidence and factors associated with failed spinal an- 
esthetics as seen in a community hospital. 


Methods and Materials 


A total of 329 consecutive spinal anesthesia performed 
during a 3-yr period (October 1982-September 1985) 
by a group of anesthesiologists and anesthetists at 
Lourdes Hospital were studied. Data cn age, sex, 
height, weight, body mass index (BMI), physical sta- 
tus, and medical problem(s) such as arthritis, spine 
abnormalities, back pain, previous laminectomy, or 
fusion were recorded. Variables involved in subarach- 
noid puncture were also studied, including patient’s 
position (lateral or sitting), needle gauge. number of 
attempts at dural puncture, paresthesias, free flow of 
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cerebrospinal fluid (CSF), and blood staining of CSF. 
Other variables studied were anesthetic agent, dos- 
age, addition of epinephrine or phenylephrine, du- 
ration of surgical procedure, intraoperative compli- 
cations, and supplemental drugs used. 

A spinal anesthesia was considered successful if it 
required no supplementation with inhalational an- 
esthetics or parenteral analgesics. If a patient had more 
than one spinal anesthesia, data from only the first 
were included in the study. 

The means of successful and failed spinal anes- 
thesia groups were compared with independent group 
tests. The proportions of patients in subgroups in the 
success and failure groups were compared with y’ 
tests of independence or Fisher's exact tests of pro- 
portions, as appropriate. Differences were considered 
statistically significant if P values were less than 0.05. 


Results 
Patient Characteristics 


Spinal anesthesia was successful in 318 of 329 patients 
(97%) and failed in 11 patients 3%) (Table 1). The 
successful and failed spinal groups did not differ sig- 
nificantly with respect to sex, age, height, weight, 
body mass index (BMI), and obesity (body mass index 
= 30). However, patients with successful spinal anes- 
thesia differed significantly from patients with failed 
spinal anesthesias with respect to physical status. In 
the 318 patients with successful spinal anesthesia, 52 
(16%) fell into ASA categories I or II, 152 (48%) were 
in category If, and 114 (36%) in category IV. All of 
the 11 patients in whom spinal anesthesia failed fell 
into category III (100%). ' 

The success and failure groups did not differ sig- 
nificantly in terms of mean duration of surgery. Mean 
duration of surgery was 80 min in the success group 
and 119 min in the failure group. The frequencies of 
different types of surgical procedures ranged from 
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Table 1. Patient Characteristics 
Successful spinal Failed spinal 


anesthesias anesthesias 
Number of patients (total 329) 318 11 
Male 222 8 
Female 96 3 
Age (yry 70 + 0.8 66 + 5.4 
(14-97) (34—86) 
Height (cm) 172 + 0.6 172 + 3.8 
(124-198) (150-188) 
Weight (kg) 71 + 1.0 69 + 5.1 
(33-147) (39-100) 
Body mass index’ 24 + 0.3 2217 
(13-54) (17-37) 
Patients with BMI = 30 28 l 
Physical status: 
ASA I 18 0 
ASA II 34 0 
ASA IH 152 11 
ASA IV 114 0 


‘Values are mean + SEM, range in parentheses. 


one appendectomy to 103 transurethral resections of 
the prostate. 


Technical Factors 


In the majority (291 of 294 = 99%) of patients spinal 
anesthesia was induced in the lateral position (Table 
2). In the successful spinal group, 280 (99%) received 
the anesthetic in the lateral position, 4 (1%) in the 
sitting position. In the failed spinal group, 11 (100%) 
were in the lateral position. Position was not a sig- 
nificant factor governing success or failure. 

The two groups also were not significantly different 
in terms of the size of the needle employed. In the 
success group, a 22-gauge needle was used in 303 
patients (95%), and a 25-gauge needle was used in 15 
patients (5%). In the failure group, a 22-gauge needle 
was used in all 11 patients (100%). The groups were 
also not significantly different in terms of number of 
puncture attempts. Forty patients (17%) in the success 
group required more than three attempts; in the fail- 
ure group, three (27%) required more than three at- 
tempts. 

Nearly all patients for whom data were available 
(315 of 316 = 100%) had a free flow of cerebrospinal 
fluid (CSF). The one patient who did not have a free 
flow of CSF was in the success group. Blood was in 
the CSF of 13 patients (4%) in the success group and 
was in the CSF in only one patient (9%) in the failure 
group. These proportions were not significantly dif- 
ferent. 


CLINICAL REPORTS 
Table 2. Technical Factors 
Successful Failed 
spinal spinal 
anesthesias anesthesias Totals 
Position 
Lateral 280 11 291 
Sitting 4 0 4 
No documentation 34 0 34 
Needle size 
22 gauge 303 11 314 
25 gauge 15 0 15 
No documentation 0 0 0 
Number of attempts 
«3 191 8 199 
>3 40 3 43 
No documentation 87 0 87 
CSF flow 
Free flow 304 11 315 
No free flow 1 0 1 
No documentation 13 0 13 
Blood in CSF 
Blood stained 13 1 14 
Clear 277 10 287 
No documentation 28 0 28 
Agent 
Lidocaine (total) 242 4 246 
Alone 70 2 72 
With epinephrine 10 0 10 
With 162 2 164 
phenylephrine 
Tetracaine (total) 76 7 83 
Alone 38 2 40 
With epinephrine 10 3 13 
With 28 2 30 
phenylephrine 
Dose (mg) (mean 
+ SEM) 
Lidocaine 85 + 0.9 83 + 6.0 
Tetracaine 10 + 0.2 9+ 0.4 


Paresthesias were recorded in two of the 234 (1%) 
patients in whom data was available. Nausea was 
recorded in 12 of 276 patients (4%), and vomiting in 
five of 274 patients (2%). The drugs most commonly 
used intraoperatively were diazepam, fentanyl and 
ephedrine. 

Seventy-five percent of patients (246 of 329) had 
lidocaine spinal anesthesia with or without epineph- 
rine or phenylephrine. Eighty-three of the 329 pa- 
tients (25%) had tetracaine spinal anesthesia with or 
without epinephrine or phenylephrine. Lidocaine 
spinal anesthesias were significantly more successful 
(242 of 246 = 98%) than were tetracaine spinal anes- 
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thesias (76 of 83 = 92%). Of the patients given li- 
docaine, success was not significantly related to 
whether lidocaine alone, lidocaine with epinephrine, 
or lidocaine with phenylephrine was used. However, 
with tetracaine, the frequency of successful spinal 
anesthesias did differ significantly between those given 
tetracaine alone (38 of 40 = 95%), tetracaine with 
phenylephrine (28 of 30 = 93%), and tetracaine with 
epinephrine (10 of 13 = 77%). Patients given tetra- 
caine with epinephrine had significantly fewer suc- 
cessful spinal anesthesias than those given tetracaine 
with phenylephrine. Success or failure were not sig- 
nificantly related to mean dosages of lidocaine or 
tetracaine administered. 


Correlating Factors with Spinal Anesthesia Failure 


Seventy-five percent of spinal anesthesias adminis- 
tered involved use of lidocaine whereas tetracaine was 
used in only 25% of cases. However, 64% of failures 
were in the tetracaine group (7/11) and 36% were in 
the lidocaine group (4/11) (Table 2). Hence, the inci- 
dence of failures was 1.6% (4/246) in the lidocaine 
group and 8.4% (7/83) in the tetracaine group. Ad- 
dition of epinephrine or phenylephrine had no sig- 
nificant influence on success rate in the lidocaine group, 
whereas epinephrine increased the failure rate and 
phenylephrine had no effect in the tetracaine group. 


Discussion 


General anesthesia is the most commonly used tech- 
nique for most surgical procedures in the United States, 
even though the popularity of regional anesthesia has 
been increasing in recent years. This is especially true 
in community hospitals with the pressures of private 
practice. In addition, wide acceptance of regional 
anesthesia may be limited by the time required to 
administer regional anesthesia, unsatisfactory anes- 
thesia in the hands of the inexperienced, patient's 
fears based on anecdotal stories, the possibility of 
multiple attempts, lumbar puncture, and the failure 
rate associated with regional anesthesia. 

Although there are few studies describing the fail- 
ure of spinal anesthesia, there is only the study by 
Levy et al. (2), that specifically examines the incidence 
of failure and associated factors. Failure rate of spinal 
anesthesias has been reported from 0.46% to as high 
as 35% (2-5). 

In four separate studies, variable failure rates of 
0.46% (3), 16% (4), 17% (2), and 35% (5) were re- 
ported. Definition of failure of spinal anesthesia is 
rarely agreed upon. In the study (3) by Moore et al., 
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a spinal anesthesia was a failure only if surgery caused 
pain whereas Levy et al. (2) considered as a failure a 
spinal anesthesia requiring general anesthesia any time 
during a surgical procedure, regardless of the dura- 
tion of surgery. We used the same criteria as Levy et 
al. (2). Additional factors such as the use of various 
types of local anesthetic agents and the types of sur- 
gical procedures performed makes comparison of var- 
ious studies describing failure rates of spinal anes- 
thesias very difficult. 

We have used the same criteria as Levy et al. (2) 
for purposes of direct comparison between a univer- 
sity hospital and a community hospital facing the same 
limitations including retrospective review of charts, 
and lack of availability of information on some charts. 
Despite these limitations, we were able to determine 
that the failure rate in a community hospital setting 
is significantly lower than in the university hospital 
setting described by Levy et al. (3% vs 17%). Our 
results differ from Levy et al. in that we failed to find 
any correlation between free flow of CSF and addition 
of epinephrine and phenylephrine with success or 
failure of lidocaine spinal anesthetics, while we ob- 
served a significantly higher incidence of failure in 
tetracaine than in lidocaine spinal anesthesias (8.4% 
vs 1.6%) and in tetracaine with epinephrine than in 
tetracaine alone (13% vs 5%). In addition, in our study 
there were no failures due to the duration of surgical 
procedure extending beyond the duration of spinal 
anesthesia. In contrast to the report by Levy et al. 
correlating increased failure with absence of free flow 
of cerebrospinal fluid, clear free flow was recorded in 
almost all failed spinals in our study, which may be 
explained by the fact that we employed 22-gauge 
needles more frequently than 25-gauge, which in turn 
may have made detection of flow of cerebrospinal 
fluid easier due to the larger orifice of the needle. The 
greater number of failed spinals with addition of epi- 
nephrine to tetracaine in our study is also a contro- 
versial finding because Levy et al. (2) as well as others 
(5) reported increased frequency of successful spinals 
with addition of epinephrine. We do not have any 
explanation for this surprising finding. Increased in- 
cidence of failures seen with tetracaine compared to 
lidocaine is also interesting, although we do not have 
an explanation for this finding either. 

Even though it is difficult to directly compare the 
results of this study to those of previous studies, we 
attribute the high incidence of failure rate in the study 
by Levy et al. (2) to be possibly peculiar to at least 
some teaching institutions in which there is inade- 
quate emphasis on regional anesthesia. Similar to the 
teaching university hospital in the study by Levy et 
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al., general anesthesia was performed in 96% of cases 
by our group in our community hospital as it is fa- 
vored by surgeons as well as patients. However, the 
anesthesia staff at our institution is well versed and 
favors spinal anesthesia in all appropriate situations. 
Despite our fairly low failure rate, we believe that 
further improvement is desirable. 

Failure of any type of:anesthesia, especially a major 
conduction anesthesia such as spinal, is frustrating. 
However, failure has been occasionally encountered 
by all experienced workers, despite the fact that ac- 
cepted procedure has apparently been followed (6). 
In 1907, Alfred E. Barker wrote that “For successful 
analgesia it is necessary to enter the lumbar dural sac 
effectually with the point of needle, and to discharge 
through this, all the contemplated dose of the drug, 
directly and freely into the cerebrospinal fluid, below 
the termination of the cord” (6). Failure to follow these 
details is the most common cause of failure to achieve 
adequate anesthesia. Other causes of failure include 
faulty positioning, inadequate dosage, and selection 
of local anesthetic. 
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Letters to the Editor 





Anesthesia for Magnetic 
Resonance Imaging 


To the Editor: 


Magnetic resonance imaging (MRI) has been performed on 
infants and young children with the use of chloral hydrate, 
diazepam, fentanyl, or methohexital (1) to produce the quiet 
immobility needed. Recently, we devised a system for pro- 
viding endotracheal general anesthesia in infants and chil- 
dren during imaging using a Mapleson D system. Since 
then, we have used this technique to anesthetize eight chil- 
dren ranging in age from 17 months to 17 yr and ranging 
in weight from 10.8 to 77 kg. Patients were brought down 
to a room adjacent to the MRI room, where an anesthetic 
machine and standard monitoring and suction equipment 
were located. An IV line was started with the patient awake 
whenever possible. Otherwise, inhalation anesthesia with 
nitrous oxide, oxygen, and halothane was started and an 
IV inserted through which atropine was injected followed 
by thiopental. Tracheal intubation was accomplished with 
the use of succinylcholine. A disposable Mapleson D at- 
tachment (Product No. 5116W, Vital Signs, Inc., Totowa, 
NJ) was connected to the endotracheal tube and the patient 
given 100% oxygen. Once the effect of the muscle relaxant 
wore off and anesthetic stabilization with further incre- 
ments of thiopental was established, the patient was dis- 
connected from the anesthetic machine and moved to the 
MRI room. Oxygen was then delivered to the Mapleson D 
attachment through several connected plastic tubes, as the 
oxygen outlet was located about 20 feet away. A member 
of the anesthesia team monitored the depth of anesthesia 
throughout the procedure by following respiratory rate and 
heart rate using an esophageal stethoscope, and by ob- 
serving the patient for limb movements. Pulse oximetry was 
used with minimal image degradation provided that the 
probe lead was long enough to allow the oximeter to be 
placed as far from the magnet as possible. Small increments 
of thiopental were given to maintain the depth of anes- 
thesia. Oxygen flow was set at 6-15 L/min, depending on 
the weight of the patient. Duration of imaging ranged from 
90 to 200 min. At the end of the procedure, the patient was 
transported to the recovery room. All patients except one 
breathed spontaneously through the Mapleson D attach- 
ment. One patient required manual ventilation because of 
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prior excessive sedation. Arterial blood samples in seven of 
the eight patients revealed Pao, values of 413-555 mm Hg, 
Paco, values of 31-46 mm Hg, and pH values of 7.33-7.44. 
All patients, except the one who was heavily sedated, were 
awake within 60 min of arrival in the recovery room. 


Azmy Boutros, MD 
Division of Anesthesiology 


William Pavlicek, MS 
Division of Radiology 

The Cleveland Clinic Foundation 
Cleveland, OH 44106 
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Regression Lines Using 
Multiple Measurements from 
Multiple Patients 


To the Editor: 


Using regression lines to illustrate the accuracy of patient 
oxygenation monitors can be misleading. In their compar- 
ison of measurements of transcutaneous oxygen tension 
(Ptco>) and pulse oximetric oxygen saturation (NSao2), with 
arterial oxygen saturation (Pao.) and saturation (Sao2) de- 
termined from radial artery blood samples, Barker et al. (1) 
lumped together data from many patients to make one 
regression line. However, the regression lines of individual 
patients can differ markedly in slope and intercept. Some 
patients can have correlation coefficients and slopes close 
to unity; in others there can be particularly poor correla- 
tions. Because of individual patient differences it may not 
even be statistically appropriate to use a single regression 
line from several patients (2). This was demonstrated in a 
comparison of transcutaneous with arterial oxygen and car- 
bon dioxide in a group of patients undergoing one-lung 
anesthesia (3). 

This concept is very important for clinicians using, for 
example, transcutaneous oxygen or pulse oximetry. They 
must be aware that although the slope comparing trans- 
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cutaneous to arterial oxygen may be close to one for a group 
of patients, there is variation in that slope. Before assuming 
that a change in a patient’s arterial oxygen will necessarily 
be accompanied by an equal change in transcutaneous 
oxygen, three or four measurements comparing arterial to 
transcutaneous oxygen should be made. Because of varia- 
bility in patients’ individual regression lines, a single regres- 
sion line based on the measurements of a group of patients 
is not a good indicator of the accuracy of patient oxygen- 
ation monitors. 


J. Lance Lichtor, MD 

Department of Anesthesia and Critical Care 

The University of Chicago, Pritzker School of Medicine 
Chicago, IL 60637 
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In Response: 


Dr. Lichtor makes an important point regarding the use of 
regression and correlation in lumped sets of data from many 
patients. I shall respond separately to his comments on tke 
use of these techniques using Ptcoz and NSao, data. First, 
in plotting Ptco. vs Pao, we stated that PtcO. was not 
intended as a noninvasive estimate of Pao,. Therefore, it is 
improper to use either correlation or regression as evidence 
that Ptco, is an “inaccurate” oxygen monitor. The point of 
interest is that these variables are significantly correlated 
(just as, for example, Fio, and Pao, are), and that the cor- 
relation coefficient and the regression slope depend upan 
ASA physical status. Performance of regression analysis en 
individual patients would imply that we were trying to 
estimate Pao, from Ptco,, which was not the case. 

Regarding the pooling of data from many patients in 
analysis of Sad, vs NSao data, we should remember that 
the built-in calibration algorithm of the pulse oximeter was 
generated from pooled data from volunteers (1). Because 
NSao, is intended as a noninvasive estimate of Sao, for all 
patients, it is appropriate to analyze pooled data in this 
manner. We are merely repeating the experiments used to 
calibrate the device, using patients rather than awake vol- 
unteers. 

A crucial point made by Altman (2) is that analyses of 
correlations or regressions can be misleading unless a scat- 
tergram of the data is shown. We presented scattergrams 
for both Ptco, vs Pao, and NSao, vs Sao- in our paper. The 
correlation and regression results were included for two 
reasons. First, virtually all method-comparison studies in 
the medical literature include such analysis. Second, a major 
point of our paper was to show how these methods had 
been used previously (3) to reach an erroneous conclusion 
regarding the “accuracy” of these two monitors. We showed 
that correlations between these variables are strongly de- 
pendent upon the design of the experiment, just as Dr. 
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Lichtor points out in his letter. Conclusions about the value 
of these monitors cannot be drawn from correlation coef- 
ficients. To quote Altman (2), “It is widely believed that 
‘you can prove anything with statistics,’ but it is much more 
realistic to say that you can establish nothing by statistics 
alone.” 


Steven J. Barker, PhD, MD 


Kevin K. Tremper, PhD, MD 
Department of Anesthesiology 
University of California, ircine 
Medical Center 

Orange, CA 92668 
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The Anesthetization of Fanny 
Longfellow for Childbirth on 
April 7, 1847 


To the Editor: 


We are informed in the exhibition “Pain and its Relief” at 
the National Museum of American History, Smithsonian 
Institution, and in the relevant catalog by Knight (1) that 
the first obstetrical anesthesia in the United States occurred 
when ether was administered to Fanny Longfellow by her 
husband, Henry Wadsworth Longfellow. This is not the 
first time this has been alleged. In 1955, Wagenknecht re- 
ferred to Fanny’s courage in inhaling the anesthetic and to 
Henry’s greater courage in administering it (2). The validity 
of this allegation has, however, not been vigorously eval- 
uated. It was the poet’s purported involvement that prompted 
my search of primary sources of information for verification 
of what seemed to be a preposterous assertion. 

Samuel Longfellow, brother and official biographer of 
Henry, tersely comments in the biography that the birth of 
a girl in Craigie House, the estate of Henry and Fanny, was 
a joy to all. Neither attendants nor anesthesia were men- 
tioned (3). 

The prestigious Boston Medical and Surgical Journal pro- 
vided evidence of a physician in the Boston area who was 
knowledgeable in the administration of ether analgesia. He 
was Nathan Cooley Keep, MD, who considered dentistry a 
medical specialty and was named first Dean of Dentistry at 
Harvard. In an article that had been communicated to the 
journal on April 3, 1847, and published on April 7, the date 
of Fanny’s delivery, Keep stressed the use of pure ether 
rather than a commercial product, discussed his anesthetic 
apparatus and aspects of the physical chemistry of the drug, 
and stated his observations of its effects based upon his use 
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in at least 200 dental surgical cases (4). The next issue of 
the same weekly journal contains a classical report of the 
successful use by Keep of ether analgesia in a case of natural 
labor which occurred on April 7 (51! For ethical and probably 
several other delicate and restraining reasons, he did not 
reveal the identity of his patient. The following year, Walter 
Channing, the eminent Boston obstetrician, quoted ver- 
batim the latter of Keep’s letters and prefaced it with ac- 
knowledgement that its author was the first person to use 
ether for an obstetrical delivery in America (6). 

Dissatisfied with highly suggestive, but only circum- 
stantial evidence of possible involvement of Dr. Keep in 
Fanny’s delivery, I visited Craigie House in Cambridge to 
peruse journals and letters of Fanny, but found nothing 
decisive concerning April 7, 1847. Unfortunately, her jour- 
nal for 1847 was missing from the collection. 

The Houghton Library at Harvard University has the 
largest holdings of memorabilia of Henry Longfellow. There 
I requested and graciously obtained the holding I most de- 
sired—The Journal of H.W.L., 1847-1848 (7). There, on page 
19, is Henry’s entry for April 7 and the beginning of that 
for April 8, 1847. By permission of the Houghton Library I 
quote page 19 in its entirety: 


Wednesday 7. This morning at twenty minutes past 
ten was born in the Craigie House a girl, to the great 
joy of all. 

Fanny heroically inhaled the vapor of sulphuric 
ether, the great nepenthe, and all the pain of labor 
ceased, though the labor itself went on and seemed 
accelerated. This is the first trial of ether at such time 
in this country. It has been completely successful. 
While under the influence of the vapor, there was no 
loss of consciousness, but no pain. All ended happily. 

Thursday 8. Fast day. Went to town to see Dr. 
Elliot about my eyes. Stopped in to Dr. Keep’s, the 
dentist, who administered the ether yesterday, to report 
favorably (italics added), and had the stump of a dou- 
ble tooth extracted under the ethereal vapor. On in- 
haling it, burst into fits of laughter. Then my brain 
whirled round and I seemed to soar like a lark spirally 
into the air. I was conscious when he took the tooth 
out, and cried out as if from irfinitely deep caverns 
‘Stop!’ but I could not control my muscles or make 
any resistance, and out came the tooth without pain. 


It is interesting that Samuel Longfellow’s biographic ac- 
count of brother Henry in 1886 contained an almost identical 
version of the above portion of the entry for April 8 except 
for the omission of the italicized part of the sentence (3). 

Hopefully, this unveiling of an obscure bit of anesthesia 
history may assist in avoiding future error and restore credit 
to Nathan Cooley Keep, Mp, to whom it belongs, for being 
the first to use anesthesia for childbirth in the Western 
Hemisphere. 


Charles B. Pittinger, MD 
Department of Anesthesiology 

Vanderbilt University School of Medicine 
Nashoille, TN 37232 
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External versus Implantable 
Devices for Chronic Narcotic 
Infusion Therapy 


To the Editor: 


I read with interest the report on intraspinal narcotic admin- 
istration via implantable pump by Waldman et al. (1). In- 
traspinal narcotic therapy appears to be a viable approach 
to the management of pain in many terminal cancer patients 
(2). Suitable delivery devices greatly enhance the feasibility 
and effectiveness of such therapy. There are several dis- 
advantages inherent in the use of implantable devices, how- 
ever. 

The cost of implantable pumps can be significant, as high 
as $5000; implanted pumps must be disposed of after use 
with a single patient. A minor surgical procedure is required 
for implantation, and complications, including skin break- 
down over the implantation site, have been reported in as 
many as 9% of patients (3). Medication replenishment and 
changes in infusion regimens are made more difficult by 
the implantation of infusion devices. 

Two devices suited for ambulatory intraspinal narcotic 
infusion, the CADD-1@ and the CADD-PCA® (Parma- 
cia/Deltec, Piscataway, NJ), have recently been introduced 
commercially. These miniaturized devices are designed for 
external use; they are not implanted. The devices weigh 
450 g and are slightly smaller than a videocassette; they 
operate with standard 9 volt batteries. A disposable 50-ml 
drug reservoir is attached to the devices. Holsters are pro- 
vided for user convenience. The pumps are suited for in- 
travenous or intraspinal therapy. The CADD-PCA is de- 
signed for “demand” or “‘patient-controlled” regimens as 
well as for continuous infusion. Cost of the devices is 
$2400-$2900. These externally operant devices have several 
advantages over implantable systems for chronic ambula- 
tory intraspinal and intravenous narcotic administration. 


Richard L. Bennett, MD 
Department of Anesthesiology 
Good Samaritan Hospital 
Lexington, KY 40508 
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“Unapproved” Use of Drugs 


To the Editor: 


In his review, “The Clinical Use of Premedicants’”’ (Anesth 
Analg 1986;65:963-74), Dr. Paul F. White’s incorrect ter- 
minology of hydroxyzine not having received “official ap- 
proval” from the Food and Drug Administration for intra- 
venous use could be misleading to anesthesiologists. 

In this age of overzealous attorneys and pharmacy di- 
rectors, it is notable that the publishers cf the Physicians’ 
Desk Reference and the AMA have attempted to resolve this 
concern and confusion among practitioners (1,2). In addi- 
tion, the FDA Drug Bulletin states “The FD&C Act does 
not, however, limit the manner in which a physician may 
use an approved drug. Once a product has been approved 
for marketing, a physician may prescribe it for uses or in 
treatment regimens or patient populations that are not in- 
cluded in approved labeling. Such ‘unapproved’ or, more 
precisely, ‘unlabeled’ uses may be appropriate and rational 
in certain circumstances, and may, in fact, reflect ap- 
proaches to drug therapy that have been extensively re- 
ported in medical literature (3).” 

This clarification is important to anesthesiologists, who 
commonly use drugs for unlabeled uses (curare for defas- 
ciculation, lidocaine for modification of the stress response 
to tracheal intubation, nitroglycerine ointment as a topical 
venodilator) and in unlabeled routes (rectal methohexital, 
intravenous methadone, epidural fentanyl). 

As there is little financial motivation to apply to the FDA 
to broaden the indications for a generically available prep- 
aration, we should not expect product literature to keep 
pace with our ever improving therapeutic ability. 


Hansel de Sousa, MD 
Department of Anesthesiology 
University of Pittsburgh 
School of Medicine 
Pittsburgh, PA 15213 
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LETTERS TO THE EDITOR 


Double Internal Jugular Vein 
Cannulation in Adult Patients 
Utilizing a Single Venipuncture 


To the Editor: 


Fabian et al. have presented a cogent and comprehensive 
letter outlining the indications, benefits, technique, and ef- 
ficacy of double internal jugular vein cannulation in adult 
and pediatric cardiac surgery patients requiring a double 
venipuncture (Anesth Analg 1986;65:419--20). Although their 
method is without obvious flaw, we have been performing 
rapid double internal jugular vein cannulations in adult 
patients utilizing a single venipuncture with theoretical as 
well as practical advantages over the technique described 
by Fabian et al. 

After obtaining access to the internal jugular vein via an 
18-g over-the-needle catheter, a J-wire (Bard, VSC I Per- 
cutaneous Arterial Venous Catheter Introducer Kit, C.R. 
Bard, Inc., Billerica, MA) is inserted, and the catheter with- 
drawn. At the site of J-wire entry into the skin, a small 
incision is made, and an 8F sheath dilator unit with side 
port/hemostasis valve catheter-to-sheath adapter is passed 
over the J-wire. The dilator and J-wire are removed, and 
the 8F sheath is left in place without suture securement to 
the skin. Two 0.0889-cm diameter straight tip guidewires, 
obtained from the Bard Percutaneous Arterial Venous Cath- 
eter Introducer Kit mentioned above, and the American 
Edward Multi-Med Catheter Kit (American Edwards Lab- 
oratories, Irvine, CA), are advanced through the 8F sheath 
into the internal jugular vein (Fig. 1). The introducer sheath 
is carefully withdrawn, while concurrently stabilizing both 
guidewires (Fig. 2). A purse string suture is fastened around 
one guidewire, while the 8F sheath dilator unit with side 
port/hemostasis valve catheter to sheath adapter is read- 
vanced over the second guidewire. The dilator and guide- 
wire are removed and the 8F sheath is suture-secured to 
the skin (Fig. 3). A pulmonary artery catheter enveloped in 
a sterile collapsible sleeve is positioned through the 8F sheath 
in standard fashion. The purse string suture securing the 
remaining guidewire is released, and a 7F dilator from the 
triple lumen Multi-Med Catheter Kit is threaded over the 
guidewire to enlarge the insertion site. After withdrawal of 
the 7F dilator, the triple lumen Multi-Med catheter is sub- 
sequently advanced over the guidewire. If the triple lumen 
catheter does not pass easily, the puncture site may be 
enlarged by a scalpel incision. After suture securement of 
the triple lumen catheter to the skin, a single 3-0 silk mat- 
tress suture is placed between the pulmonary artery cath- 
eter and triple lumen catheter entry sites. This both apposes 
skin margins and fully occludes the incisional edges of the 
wound. Full apposition and occlusion of the incision pro- 
motes wound healing and helps avoid unrecognized air 
entrainment. 

One of the advantages for double internal jugular vein 
cannulation utilizing a single venipuncture is that patient 
discomfort associated with the procedure is decreased, as 
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Figure 1. Two 0.0889-cm diameter straight tip guidewires (small 
white arrows) advanced through the 8F introduce: sheath (large 
white arrow). The clear plastic tube extending from the hub of the 
introducer sheath serves as a venous access conduit. 





Figure 2. With the 8F introducer removed, two straight tip guide- 
wires remain positioned in the internel jugular vein (small white 
arrows). 





Figure 3. Straight tip guidewire alongside repositioned 8F introd- 
ucer sheath. 
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there is no need for two needle punctures. Additionally, a 
single venipuncture technique minimizes the risk associated 
with internal jugular vein cannulation, including pneu- 
mothorax, carotid artery puncture with local hematoma for- 
mation, and failure to localize or successfully insert a second 
over-the-needle catheter. 

Within the past year at our institution, more than 25 
adult cardiac surgery patients have undergone this proce- 
dure without any known untoward sequellae. Realization 
of this technique by attending and house staff physicians 
proficient in cannulating the internal jugular vein adds little 
time to the standard placement of a pulmonary artery cath- 
eter. At the time of removal of both the triple lumen catheter 
and the 8F sheath with the pulmonary artery catheter, it 
has been our practice to temporarily apply an occlusive 
pressure dressing for optimal hemostasis. The 3-0 silk mat- 
tress suture initially placed between the triple lumen cath- 
eter and the 8F introducer sheath at the time of catheter 
placement, is temporarily left in place to promote incisional 
apposition and closure. 


Francis A. Harte, MD 
Paul C. Chalmers, MD 
Paul R. Danker, MD 
Farhan Sheikh, MB 


Department of Anesthesiology 
Albany Medical Center Hospital 
Albany, NY 12208 
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Medullary Effects of 
Local Anesthetics 


To the Editor: 


In their recent article regarding an alternative mechanism 
for the cardiotoxic effects of local anesthetics, Thomas et al. 
raise a timely issue (Anesth Analg 1986;65:444-50). As our 
knowledge of the importance of the central nervous system 
as a mediator of cardiovascular responses increases, it is 
logical to consider whether the cardiovascular toxicity as- 
sociated with overdosage of local anesthetics could also in- 
volve CNS pathways, either as the primary or a contributing 
mechanism of action. The model of the vasomotor network 
that is given provides an easily comprehensible summary 
of the complex neural interactions. The cardiovascular re- 
sults of chemical and electrical stimulation of the C1 and 
NTS cell groups correlate well with the model. However, I 
have some difficulty with the extrapolations regarding the 
changes observed after local anesthetic administration. 
Application of the anesthetics to the Cl region increases 
cell firing and produces hypotension. Loss of inhibitory 
inputs combined with blockade of Cl axons as described 
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by the authors provides a reasonable explanation of these 
observations. However, the hemodynamic responses ob- 
served after application of the anesthetics to the NTS seem 
inconsistent with the given model. Assuming the drug ef- 
fects are identical to those seen after administration to the 
C1 region, abolition of excitatory inputs to the NTS com- 
bined with blockade of the NTS output would produce a 
decrease in cell firing as observed but alsc decrease in the 
inhibitory input to Cl cells. This should produce an in- 
creased activity of the C1 cells with an increase in blood 
pressure, not the hypotension that was observed. 

Does this inconsistency indicate the model for the 
vasomotor network is incorrect or just incomplete? Could 
it be possible that the drugs are only selectively blocking 
certain axons at the concentrations used? Alternatively, are 
additional fibers of passage also being effected that result 
in activation or inactivation of additional control networks? 

As with most good experiments these studies raise mcre 
questions than can be dealt with in a single presentation. 
In addition to a further explanation of the hemodynamic 
responses it would be interesting to know a few additional 
facts to aid the transition to clinical practice. What are the 
effects of increasing or decreasing the concentrations of the 
local anesthetics? Perhaps such studies would demonstrate 
a differential effect on selected pathways. Can similar ccn- 
centrations of these drugs be obtained in these brain regions 
after systemic administration of the local anesthetics? Fi- 
nally, can the same changes in cell firing be observed after 
systemic administration of the anesthetic? 

I look forward to followup studies. If the relative im- 
portance of such actions on the central nervous system could 
be defined, the potential for more rational treatment of tox- 
icity would be an obvious improvement in our current clin- 
ical practice. 

Neal Fleming, MD 
Department of Anesthesia 
Georgetown University Hospital 
Washington, DC 20007 


In Response: 


Dr. Fleming has addressed an excellent point. In our orig- 
inal manuscript, we refrained from speculation with regard 
to the apparently contradictory hemodynamic responses at 
NTS. The only pathways presented in Figure 1 of our orig- 
inal manuscript were those which had been established by 
electrophysiologic and/or histochemical techniques (1). Thus 
we feel our diagram is incomplete rather than inaccurate. 
As noted in our original article, the hypotension and 
bradycardia seen with the administraticn of local anes- 
thetics at the spinal cord level and an abserice of bradycardia 
with local anesthetic administration at C1 suggest that there 
is an efferent fiber projecting from the central nervous sys- 
tem that does not originate from C1 but does influence the 
heart. This efferent fiber may arise from NTS. Local anes- 
thetic injections at NTS produced significant decreases in 
mean arterial pressure (MAP) and heart rate (HR). In ad- 
dition, arrhythmias developed in approximately 50% of the 
anithals. The hypotension and bradycardia seem contrary 
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Figure 1A. See response to “Medullary Effects of Local Anes- 
thetics’” for explanation. 


to that expected from Figure 1 of our original manuscript 
(1). A blockade at NTS would be expected to produce hy- 
pertension and tachycardia. Thus these data also suggest 
that there is another efferent fiber from NTS to the spinal 
cord that affects the heart. Because the injections into NTS 
produced arrhythmias, as did injections into the spinal cord, 
it can be argued that the spinal cord fibers, when blocked, 
produced bradycardia via fibers originating from NTS or 
adjacent to the NTS structure. It has been shown that NTS 
projects to the cervical spinal cord and that, at C3, there is 
a sympathetic relay to the heart (2). It is doubtful that the 
excitatory fiber from NTS would go to IML because it has 
already been demonstrated that the projection from NTS to 
IML is inhibitory (3). Also, it is unlikely that NTS would 
send both an inhibitory and excitatory fiber to IML. Thus 
the proposed excitatory afferent NTS fiber probably projects 
to C3 in the spinal cord (Figure 1A). Figure 1A is essentially 
identical to Figure 1 of our original manuscript with the 
exception of the incorporation of two new efferents origi- 
nating at NTS. If our new pathways are correct, several 
criteria will have to be met. First of all, the excitatory fiber 
would have to be a tonic efferent fiber because its blockade 
led to hypotension and bradycardia. Our studies showed 
that excitation of NTS led to hypotension. With the idea of 
an excitatory fiber to a sympathetic relay center, one would 
expect that NTS stimulation would lead to hypertension 
and tachycardia. It is possible that the tonic excitatory fiber 
is at its highest activity at rest. Therefore, stimulation of 
NTS cannot cause further excitation of this fiber. On the 
other hand, the inhibitory fiber from NTS, which would 
also be tonically active (but not at its maximum activity at 
rest), would overcome the excitatory influence from the 
other NTS projection thus resulting in bradycardia and hy- 
potension. With blockade of NTS, both the excitatory and 
inhibitory fibers are blocked, but because the excitatory fiber 
has a greater influence than the inhibitory fiber in a resting 
state, the heart rate and blood pressure would decrease. 
The reason NTS might have both types of fibers is because 
the excitatory fiber would function to maintain resting MAP 
and HR, while the inhibitory fiber would function to mod- 
ulate changes in MAP and HR. 

It should be possible to verify the existence of such BPs 
using standard histochemical techniques. 


LETTERS TO THE EDITOR 


As Dr. Fleming pointed out, preliminary studies, such 
as the case in point, serve to raise far more questions than 
can be addressed from a single set of experiments. The three 
major questions raised by Dr. Fleming are in fact currently 
under investigation. Unfortunately, electrophysiologic studies 
such as these require meticulous attention to detail as well 
as vast amounts of real time. We do hope to be able to submit 
data from our followup studies within the next year. 


Donald D. Denson, PhD 

Richard D. Thomas, BS 

Michael M. Behbehani, Php 
Dennis E. Coyle, PhD 

Department of Anesthesia 

University of Cincinnati Medical Center 
Cincinnati, OH 45267 
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Intubating by Sense, not Dollars 


To the Editor: 


At our teaching institution, physician education includes 
cost containment. Recently, pharmacy administrators cir- 
culated among our anesthesia staff and trainees the hospital 
cost per unit dose of various muscle relaxants (Table 1). 
However, what initially appears to be a good method of 
making anesthesiologists more cost conscious when con- 
sidering use of new nondepolarizing relaxants is mislead- 
ing. Table 2 lists depolarizing and nondepolarizing relaxant 
dosages taken from a standard anesthesia text (1) plus 
calculation of the actual cost per tracheal intubation for a 
70-kg individual. When actual costs per intubation are com- 
pared, the differences become less dramatic. With vecu- 
ronium and atracurium, characteristics such as intermediate 
duration, minimal cardiovascular side effects, minimal or 
no accumulation, and with atracurium an alternate method 
of metabolism, these agents are advantageous regardless of 
cost. If these agents are used for short operations, the avoid- 
ance of possible prolonged postoperative muscle paralysis 
will reduce price differences even further (2). Although many 


anesthesiologists feel the appropriate cost comparison should . 


be made per case rather than per milligram (3), the cost per 
intubation remains an important consideration. 

Although cost containment in anesthesia has become a 
necessity, especially in-a-training program, the choice of 
muscle relaxants should be based on sound clinical judge- 
ment in deciding which relaxant provides maximal patient 
safety and optimal operating conditions. While others con- 
cern themselves with the dollars and cents of intubation, 
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Table 1. Cost of Various Muscle Relaxants? 
Atracurium 10 mg/ml 
10 mi $23.58 
Vecuronium 10 mg $10.73 
Succinylcholine 20 mg/ml 
10 ml 39¢ 
Pancuronium 2 mg/ml 
5 ml $ 7.86 
d-Tubocurarine 3 mg/ml 
20 ml $ 5.30 
Gallamine 20 mg/ml 
10 ml $ 7.88 
Metubine 2 mg/ml 
20 ml $12.66 
‘As of June 1986. 
Table 2. Guide to Muscle Relaxants by Dollars 
Potency Intubation dose Dollars 
Drug factor (mg/kg) (per 70 kg) 
Pancuronium 1 0.06—0.08 3.30—4.40 
Metocurine 4 0.3-0.4 6.65-8.86 
d-Tubocurarine 7 0.5-0.6 3.05-3.71 
Gallamine 40 3.0-4.0 8.27-11.04 
Atracurium 4 0.4-0.5 6.61-8.26 
Vecuronium 0.9 0.07—0.10 5.24-7.49 
Succinylcholine — 1-2 0.14-0.28 


we, as anesthesiologists, should concern ourselves with in- 
tubating by sense, not dollars. 


Jeffrey D. Shapiro, MD 

Department of Anesthesiology 
Rush-Presbyterian-St. Luke's Medical Center 
Chicago, IL 60612 
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Another Technique for 
Extending the Life of Oximetry 
Monitoring Probes 


I read with interest the letter by Alpert and Cooke (Anesth 
Analg 1986;65:826—7) describing a technique for prolonging 


- the life of-disposable oximeter monitoring probes. I have 


been utilizing a different technique for the same purpose. 

First, one carefully trims the adhesive tape off the sides 
of the disposable probe. The probe is then placed on the 
inner surface of a malleable aluminum finger splint 
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been bent to accommodate the adult index finger (Fig. 1). 
The probe is then easily secured by taping it to the finger 
splint. 

The probe device fits snugly on most adult patients and 
applies quickly and easily. It is lighter than nondisposable 
probes and applies more securely to the finger. This simple 
‘“nondisposable” device allows for repeated uses of ‘‘dis- 
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Figure 1. A simple device which allows 
for repeated uses of disposable oximeter 
probes. 


posable” oximeter probes and is a cost-effective technique 
for both patients and health care providers. 
Bradley D. Foltz, MD 


Anesthesia Service Medical Group, Inc. 
San Diego, CA 92123 





Book Reviews 


Quantitation, Modelling and Control 

in Anaesthesia 

Horst Stoeckel, ed. Stuttgart: Georg Thieme Verlag, 1985, 
310 pp, $50.20. 


A group of eminent scientists gathered at the University in 
Bonn in June 1984 to discuss topics related to the quanti- 
tative description of the fate of crugs used in anesthesia. 
The proceedings of the conference are now published for 
the benefit of a larger audience, specifically for those anes- 
thesiologists who are interested in modelling and quanti- 
tative aspects of anesthesia. 

As can be expected, the original contributions by authors 
from three continents cover a wide range of advanced top- 
ics. The development of what is now termed pharmacoki- 
netics was traced by Professor Dengler to the middle of the 
last century, when Schmiedeberg measured the concentra- 
tion of chloroform in the blood. Anesthetic drugs and sed- 
atives (e.g., thiopental) continued to play a prominent role 
in the attempts to correlate the amount of the drug in the 
body (plasma concentration) with the pharmacologic ef- 
fects. Improvements in analytical methods, data collection, 
and measurement of pharmacologic responses opened new 
horizons and the contributions in these proceedings reflect 
the current state of the art in pharmacokinetics. The pre- 
sentations cover the quantitative descriptions of several 
groups of drugs (opioids, hypnotics, benzodiazepines, muscle 
relaxants); measurement of pharmacologic responses (EEG 
and neuromuscular block); correlation between the two; the 
effects of disease states and age cn pharmacokinetics; ser- 
vocontrolled administration of crugs; and sophisticated 
models based on physiologic approach, system analysis or 
population pharmacokinetics. Clearly, this field of research 
is in a state of rapid development. Some results (e.g., the 
concept of organ clearance) are relatively simple and will 
immediately benefit the practicing anesthesiologist, others 
perhaps only in the future. 

The editor included in the text the discussions that fol- 
lowed the presentations. This is welcome, as the discus- 
sions convey to the reader the feeling of being present at 
the conference and reveal interesting differences in opin- 
ions among the participants. The presentations of each 
working day were skillfully summarized by Mather and van 
Rossum. Unfortunately, the text is marred by many typo- 
graphical errors, some interfering with the understanding 
of the text. The contribution by Hull, pointing out the lim- 
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itations and pitfalls of pharmacokinetic analysis, is espe- 
cially outstanding. | 

Although the practicing anesthesiologist may be over- 
whelmed by the material presented, I recommend the book 
as a reference for advanced information on the current is- 
sues in pharmacokinetics. The material will fascinate, chal- 
lenge, and even stimulate the research-oriented anesthe- 
siologists. 
Vladimir Nigrovic, MD 
Associate 
Departments of Anesthesiology and Pharmacology 
Medical College of Ohio 
Toledo, OH 43699 


Clinical Controversies in Neuroanesthesia 
and Neurosurgery 

J. Matjasko and J. Katz, eds. Orlando, FL: Grune & 
Stratton, Inc., 1986, 270 pp. 


The concept of this text is a useful one. The general format 
is a presentation of information mixed with controversy, 
followed by recommendations for practice. The five chap- 
ters cover cerebrovascular disease, spinal cord injury, in- 
tracranial tumors, head injury, and aneurysms. 

Ischemic cerebrovascular disease is examined thor- 
oughly from both the anesthetic and surgical viewpoints. 
The clear and the controversial indications for carotid sur- 
gical procedures are presented with equanimity, and opin- 
ions are stated as such. The relationships between degree 
of carotid stenosis, severity of stroke, hypertension, and 
indications for carotid endarterectomy are subtly inter- 
woven so as to present a clear picture, but only when this 
is directly sought in reading. One wonders if this picture 
will escape the notice of the uninitiated. The most striking 
positive feature of the chapter is its balanced clinical ori- 
entation to controversy, leaving the reader with a reason- 
able guideline by which to practice. 

Cervical spinal cord injury is discussed thoroughly and 
well. At times clarity and precision are impressive; other 
small sections are repetitious. For example, three different 
“grading index” systems are described; although each is 
useful to certain practitioners, the reader is left with an 
impression of a tendency to excessive medical classification. 
The discussion of intubation, always a thorny problem in 
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cord injury, is clear, practical, and reflects the good judg- 
ment of the authors. The section on chest physiotherapy is 
very comprehensive with few repetitions. There was little 
controversy in this chapter except for the very last para- 
graph. 

The division of the discussion of management of patients 
with brain tumors into supratentorial and infratentorial al- 
lows for greater clarity. The emphasis on ICP monitoring 
before induction of anesthesia as a near routine in crani- 
otomy patients is an overly compelling mixture of fact and 
anecdote. Fortunately the authors retreat from a hard line 
position in the less clear recommendations that an ICP mon- 
itor should be placed “if indicated.” The statement that 
volatile anesthetics should not be used with large tumors 
unless ICP is monitored does get the reader's attention. It 
probably is not quite fair to characterize Dr. Michenfelder’s 
current opinion on mannitol dose based on quoting his 
work from 1969. He is capable of changing his opinion based 
on work done in the ensuing 17 years. 

The description of the sitting position on page 159 is 
misleading, where one death in Gronert’s series is attrib- 
uted to the “head up” position. The head up position de- 
scribed was a prone patient tilted slightly head up, not 
sitting. Table 3 lists reported cases of paradoxical air em- 
bolism (PAE) all of which suffered apparent severe defictt. 
No mention is made of reports of PAE by transesophageal 
echocardiography which did not result in apparent deficit. 
This balance is needed less the reader feel that all PAE 
produces catastrophic results. On balance this chapter is 
very good and full of information that clinicians can find 
very useful in directing their practice. 

The management of the patient with severe head injury 
is clinically relevant, well-documented, and adheres to the 
format of exploration of controversy followed by recom- 
mendations wherever possible. The section on brain death 
is particularly clear. All anesthesiologists attending organ 
donors should review these eight pages. 

The principles in managing the patient with intracranial 
aneurysm are reviewed and discussed directly and con- 
cisely. Different approaches are clearly presented and rec- 
ommendations made where the authors deem appropriate. 
However, it is probably a needlessly depressing overstate- 
ment to suggest that “management mortality” has not 
changed in 40 years. I suspect the anestnesiologist who 
anesthetized aneurysm patients in 1946 would feel that the 
management of these cases is very different today. 

On balance, this is a very successful text that directly 
and clearly states neurosurgical and neuroanesthetic con- 
troversy, gives adequate documentation for even the in- 
depth reader, and presents the practitioner with recom- 
mendations. If neuroanesthesiologists and neurosurgeons 
are to communicate, they should be aware of the contents 
of this text. It should serve as a useful bridge. 


Roy F. Cucchiara, MD 
Associate Professor of Anesthesiology 
Mayo Medical School 

Rochester, MN 55905 


BOOK REVIEWS 


Respiratory Failure 
R. R. Kirby and R. W. Taylor, eds. Chicago: Year Book 
Medical Publishers, 1986, 665 pp, $75.00. 


The editors’ stated purpose of Respiratory Failure is to “at- 
tempt to provide the busy clinician with enough informa- 
tion to approach respiratory failure in all age groups knowl- 
edgeably.’’ To achieve this goal, the editors enlisted the 
help of 26 authors to contribute 36 chapters, with surpris- 
ingly uniform style. The text is divided into five sections 
that cover basic physiologic concepts: respiratory failure in 
the neonate, infant, and child; respiratory failure in the 
adult; diagnostic techniques; and therapeutic modalities. All 
of the chapters in this book are well-referenced and include 
an academic discussion of the literature. 

The section on Basic Concepts includes a brief historical 
perspective on the treatment of respiratory failure in the 
Critical Care Unit and a philosophic chapter on the practice 
of respiratory critical care, which emphasizes the need for 
team effort. Respiratory failure is defined in the chapter on 
Classification of Respiratory Failure as “impairment in the 
lungs’ ability to maintain adequate oxygen and carbon diox- 
ide homeostasis.” Hence, this text covers problems of both 
oxygenation and ventilation. However, within the text, the 
term “respiratory failure” is occasionally used to describe 
failure to oxygenate the arterial blood, occasionally to de- 
scribe ventilatory failure, and occasionally to describe both. 
As a result, there are places in the text where the distinction 
among these three is lost, thereby creating confusion. 

The first section concludes with a pulmonary physiology 
chapter which is lucidly written and gives sufficient detail 
to render a working knowledge of lung function. This book 
was of personal benefit as an excellent text from which to 
study for the ABA Critical Care Examination. 

The next section, on Respiratory Failure in the Neonate, 
Infant, and Child, first discusses the physiology of the fetal 
transition. Although the text is excellent, it would have been 
enhanced tremendously by figures. 

The third section, Respiratory Failure in the Adult, be- 
gins with a chapter that broadly discusses pulmonary edema. 
The chapter on Adult Respiratory Distress Syndrome is 
comprehensive and contains 351 references. The chapters 
relating pulmonary aspiration, chronic obstructive lung dis- 
ease, asthma, and pulmonary embolism to acute respiratory 
failure discuss the pathophysiology and therapy of these 
diseases. A rational approach to postoperative respiratory 
failure is organized well, but repeats detailed basic physi- 
ology which appears earlier in the book. Two chapters de- 
voted to pneumonia and infectious disease are followed by 
a short summary of cardiac function during respiratory fail- 
ure and during the application of mechanical ventilation 
and positive end expiratory pressure. 

The section on Diagnostic Techniques discusses the use 
of three primary modalities: physical examination of the 
patient, radiology with particular emphasis on the evalu- 
ation of pulmonary infiltrates, and fiberoptic bronchoscopy. 
The academic, well-referenced discussion of the physical 
examination is a tribute to the skill and art required to gain 
information from relatively simple observation—a method 
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of data acquisition too easily forgotten. In this section, the 
fiberoptic bronchoscope is discussed as a diagnostic and 
therapeutic tool. Additionally, its value in performing tra- 
cheal intubation is discussed both here, and in the chapter 
on Tracheal Intubation. The final section of the book, Ther- 
apeutic Modalities, contains ten chapters that include Ther- 
apeutic, Supportive, and Monitoring functions. This section 
also includes a chapter on Complications of Therapy, and 
an entire chapter devoted to Pulmonary Barotrauma. 

In summary, this text book covers in detail the broad 
spectrum of respiratory failure for all age groups and dis- 
cusses currently available modes of therapy, support, and 
monitoring for these disease processes. The index is com- 
prehensive. This is an excellent textbook which can be used 
by the student of Critical Care Medicine, the practicing cli- 
nician, or those seeking a comprehensive review. 


M. Christine Stock, MD 
Assistant Professor of Anesthesiology 
Division of Critical Care 

Emory University Medical School 
Atlanta, GA 30303 


Current Concepts in Transfusion Therapy 
George Garratty, ed. Arlington, VA: American 
Association of Blood Banks, 1985, 323 pp, $34.00. 


In spite of its title, this publication of the prolific American 
Association of Blood Banks is not likely to be of much help 
for the average anesthesiologist seeking a reference on 
transfusion therapy. The chapter on platelet concentrates 
deals primarily with preparation and storage. A chapter on 
therapy for coagulation disorders is more clinically oriented, 
timely, and complete, including information on subjects 
such as DDAVP, antithrombin III concentrates, protein C, 
and heat-treated concentrates. Fresh frozen plasma is well 
covered in its own chapter by Harold Oberman. He explains 
much of the factual basis behind the 1984 NIH Consensus 
Conference on Fresh Frozen Plasma. The other five of this 
book’s eight chapters stress granulocyte therapy and im- 
munology, and as such are not closely related to anesthe- 
siology. Another AABB 1985 publication, The 9th Edition of 
the Technical Manual (Widmann F, ed., Arlington, VA: AABB, 
1985, 515 pages) would be recommended for those seeking 
a more complete reference on current transfusion therapy. 


Ronald J. Faust, MD 

Assistant Professor of Anesthesiology 
Mayo Medical School 

Rochester, MN 55905 
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Anesthesia for Eye, Ear, Nose and 

Throat Surgery 

J. D. Morrison, R. K. Mirakhur, and H. J. L. Craig. New 
York: Churchill-Livingstone, 1985, 207 pp, $37.50. 


Although presented as a second edition, this is essentially 
a new book, thoroughly rewritten and updated. The in- 
consistent quality of the first edition (1975) has been cor- 
rected by limiting the contributors to three capable authors. 
The book is balanced 60% ENT and 40% Eye, and is gen- 
erally organized by anatomy and specific surgical proce- 
dures. The ample current references (mainly from the UK) 
at the end of each chapter serve as a good introduction to 
the literature for the uninitiated. The index section is thor- 
ough and useful. 

The style is chatty and verbose but is easily read. The 
emphasis is on clinically oriented, practical advice for a wide 
variety of clinical case situations based on clinical experience 
and supported by the literature. The authors are to be com- 
mended for their attention to appropriate anatomy lessons 
in both ENT and Eye sections. The two introductory chap- 
ters on Eye anatomy and physiology and factors affecting 
intraocular pressure are excellent reviews. The discussion 
of systemic effects of eye medications and the interaction 
of nitrous oxide and sulfur hexafluoride gas are important 
and not often found in texts. 

Although the controversy about oculocardiac reflex pre- 
vention and treatment was well-presented, there could have 
been a more balanced discussion of the use of muscle re- 
laxants in open eye-full stomach situations, incorporating 
Libonati’s clinical experience with succinylcholine, the 
problems of large dose pancuronium, and noting the lim- 
itations of vecuronium and atracurium in rapid sequence 
intubations. 

There are gaps in content coverage. The next edition 
should include discussion of compromised airways, difficult 
intubations, fiberoptics, techniques of topical laryngeal block 
for awake laryngoscopy, thyroid surgery, retrolental fibro- 
plasia, congenital syndromes often found in eye patients 
and out patient anesthesia for EENT surgery. The section 
on laser surgery could be expanded. 

In summary, I give this book an A for being current, B+ 
for organization, B for style, and a B for content. I recom- 
mend this book as a solid, quick introduction to the liter- 
ature and vagaries of anesthetic management for Eye, Ear, 
Nose, and Throat Surgery. 


John V. Donlon Jr, MD 

Associate Director, Anesthesia Department 
Massachusetts Eye and Ear Infirmary 
Beston, MA 02114 


Addendum to 1987 Abstracts 


The following abstract was inadvertently omitted from the supplement of abstracts presented at the Interna- 
tional Anesthesia Research Society 60th Congress, published in February 1987: 


Colavita RD, Pelligrino DA, Miletich DJ, Albrecht RF. Beagle puppy model of the neonatal brain: effect of halothane 
on somatosensory evoked potentials. 1987;66:S191A. 


The authors are from the Department of Anesthesiology, Michael Reese Hospital and Medical Center, 
Chicago, IL 60616. 


A Guide for Authors 


Manuscripts should be sent to: 


Nicholas M. Greene, MD 

Editor in Chief 

Anesthesia and Analgesia 

Yale University School of Medicine 

333 Cedar Street, New Haven, CT 06510 


Editorial Policies 

Anesthesia and Analgesia, the oldest publication for the specialty of 
anesthesiology, is the official voice of the International Anesthesia 
Research Society. It publishes original articles, clinical reports, tech- 
nical communications, review articles, and letters to the editor. 

All papers are reviewed by three or more referees. Acceptance 
is based upon significance, originality, and validity of the material 
presented. Only one copy of the articles not accepted for publi- 
cation will be returned to the author. 

The submitted manuscript should be accompanied by a covering 
letter that must include a statement to the editor about all sub- 
missions and previous reports that might be regarded as prior or 
duplicate publication of the same, or very similar, work. The title 
page and abstract of such material should be included with the 
submitted manuscript to help the editor decide how to deal with 
the matter. 

Manuscripts must be prepared and submitted in the manner 
described in ‘Uniform Requirements for Manuscripts Submitted 
to Biomedical Journals,” reprinted in Annals of Internal Medicine 
1982;96:766—71 and Lancet 1982;284:1766—70. 

No manuscripts describing investigations carried out in hu- 
mans will be accepted for publication unless the text states that 
the study was approved by the authors’ institutional human in- 
vestigation committee and that written informed consent was ob- 
tained from all subjects or, in minors, by parents. No manuscript 
describing investigations in animals will be accepted for publi- 
cation unless the text states that the study was approved by the 
authors’ institutional animal investigation committee. 

Human subjects should not be identifiable. Do not use patients’ 
names, initials, or hospital numbers. 

Authors and their typists should use the checklist given below 
for preparation of manuscripts: 


General 

(J Original articles describe in 3000 words or less clinical or labo- 
ratory investigations. 

O Clinical reports describe in 1000 words or less either new and 
instructive case reports or anesthetic techniques and equipment 
of demonstrable originality, usefulness, and safety. 


( Technical communications are papers that deal with instrumen- 
tation and analytic techniques. 

O Review articles of 2500 to 4000 words collate, describe, and eval- 
uate previously published material to aid in evaluating new 
concepts. 


D Letters to the editor, less than 300 words in length, include brief 
constructive comments concerning previously published articles 
or brief notations of general interest. The manuscripts must be 
double spaced, and a title and thre2 copies must be provided. 

D Type manuscripts on white bond paper, 216 by 279 mm (8¥2 by 
11 in.) or ISO A4 (212 by 297 mm) with margins or at least 25 
mm (1 in) using double spacing throughout. 

Lj Begin each of the following sections on separate pages: title page, 
abstract and key words, text, acknowledgments, references, ta- 
bles (each table, complete with title and footnotes, should be on 
a separate page), and legends. Type only on one side of the 
paper and number pages consecutively, beginning with the title 
page. Type the page number in the upper right-hand corner of 
each page. 
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C Submit three copies of manuscript and figures in a heavy paper 
envelope. Submitted manuscripts should be accompanied by a 
covering letter, and permissions to reproduce previously pub- 
lished materials or to use illustrations that may identify subjects. 


O Authors should keep copies of everything submitted. 


Title Page 
C The title page should contain the title of the article, which should 
be concise but informative; 


O A short running head or footline of no more than 40 characters 
(count letters and spaces) placed at the foot of the title page and 
identified; 

(] First name, middle initial, and last name of each author, with 
highest academic degree(s); 

O Name of department(s) and institution(s) to which the work 
should be attributed; 

O Disclaimers, if applicable; 

O Name and address of author responsible for correspondence 
about the manuscript. 


O Name and address of author to whom requests for reprints should 
be addressed, or a statement that reprints will not be available 
from the author; 


C The source(s) of support in the form of grants. 


Abstract and Key Words 
O The second page should carry an abstract of not more than 150 
words. (Abstracts are not needed for Clinical Reports.) 


O The abstract should state the purposes of the study or investi- 
gation, basic procedures (study subjects or experimental ani- 
mals; observational and analytic methods), main findings (give 
specific data and their statistical significance, if possible), and 
the principal conclusions. Emphasize new and important aspects 
of the study or observations. 


O Define all abbreviations except those approved by the Interna- 
tional System of Units. 


O Key (indexing) terms: Below the abstract, provide (and identify 
as such) 3 to 10 key words or short phrases that will assist 
indexers in cross indexing the article and that may be published 
with the abstract. 


Text 


C The text of observational and experimental articles is usually— 
but not necessarily—divided into sections with the headings 
Introduction, Methods, Results, and Discussion. 


O Case reports, reviews, and editorials do not require the above 
sections. 


O Introduction: Clearly state the purpose of the article. Summarize 
the rationale for the study or observation. Give only strictly 
pertinent references, and do not review the subject extensively. 


O Methods: Describe the selection of observational or experimental 
subjects (patients or experimental animals, including controls) 
clearly. Identify the methods, apparatus (manufacturer's name 
and address in parentheses), and procedures in sufficient detail 
to allow other workers to reproduce the results. Give references 
to established methods, including statistical methods; provide 
references and brief descriptions for methods that have been 
published but are not well known; describe new or substantially 
modified methods, give reasons for using them, and evaluate 
their limitations. 

O Identify precisely all drugs and chemicals used, including ge- 
neric name(s), dosage(s), and route(s) of administration. 
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O Results: Present the results in logical sequence in the text, tables, 
and illustrations. Do not repeat in the text all the data in the 
tables and/or illustrations; emphasize or summarize only im- 
portant observations. 

(G Discussion: Emphasize the new and important aspects of the 
study and conclusions that follow fom them. Do not repeat in 
detail data given in the Results section. Include in the Discussion 
the implications of the findings and their limitations and relate 
the observations to other relevant studies. Link the conclusiors 
with goals of the study but avoid unqualified statements and 
conclusions not completely supported by the data. 

C Units of measurement: Measurements of distance/length and weight 
must be expressed in metric units only. Clinical laboratory and 
hematologic data must be expressed in SI units with, if desired, 
present conventional metric units in parentheses. 


References 


All references must be available to all readers. Cite only references 

to books and articles or abstracts published in peer reviewed Index 

Medicus journals. Abstracts appearing only in programs of meeting 

are not acceptable, nor are abstracts more than five years old. 

O Number references consecutively in the order in which they are 
first mentioned in the text, except in review articles when ref- 
erences may be arranged alphabetically. 

C Identify references in text, tables, and legends by arabic numbers 
(in parentheses, on line) 

O Use the style of the examples below, which are based on the 
format used by the US National Library of Medicine in Index 
Medicus. 

O The titles of journals must be abbreviated according to the style 
used in Index Medicus. l 

C References must be verified by the author(s) against the original 
documents. 

C] Examples of correct forms of references are given below: 


Journals: 


1. Standard Journal Articles (List all the authors when six or less; 
when seven or more, list only the first three and add et al.) 
You CH, Lee KY, Chey RY, Menguy R. Electrogastrographic 
study of patients with unexplained nausea, bloating and vom- 
iting. Gastroenterology 1980;79:311-4 

2. Personal author(s) books and monographs 
Eisen HN. Immunology: an introduction to molecular and 
cellular principles of the immune response. 5th ed. New York: 
Harper and Row, 1974:406. 

3. Chapter in a book 
Weinstein L, Swartz, NM. Pathogenic properties of invading 
microorganisms. In: Sodeman WA, Jr, Sodeman WA, eds. 
Pathologic physiology: mechanisms of disease. Philadelphia: 
WB Saunders, 1974:457—72. 

Tables 


C Type each table double spaced on a separate sheet. Do not sub- 
mit tables as photographs. 

O Number tables consecutively and supply a brief title for each. 
Give each column a short or abbreviated heading. 

O Place explanatory matter in footnotes, not in the heading. Ex- 
plain in footnotes all nonstandard abbreviations that are used 





in each table. For footnotes, use lowercase italicized letters in 
alphabetical order. 


O Do not use internal horizontal or vertical rules. 
C] Cite each table in the text in consecutive order. 


O If data are used from another published or unpublished source, 
obtain permission and acknowledge fully. 


Illustrations 


O Submit three complete sets of figures. Figures should be in black 
and white only and professionally drawn and photographed; 
freehand or typewritten lettering is unacceptable. Note: Art work 
of published articles will not be returned. 


C Instead of original drawings, roentgenograms, or other material 
send sharp, unmounted, glossy black-and-white photographic 
prints, usually 127 by 173 mm but no larger than 203 by 254 mm. 

(Cj Each figure must have a label pasted on its back indicating the 
number of the figure, the names of the authors, and the top of 
the figure. Do not write on the back of the figures or mount 
them on cardboard, or scratch or mar them by using paper clips. 
Do not bend figures. 


(J Photomicrographs must have internal scale markers. Symbols, 
arrows, or letters used in the photomicrographs should contrast 
with the background. 


O Cite each figure in the text in consecutive order. If a figure has 
been published, acknowledge the original source and submit 
written permission from the copyright holder to reproduce the 
material. Permission is required, regardless of authorship or 
publisher, except for documents in the public domain. 


Legends for Illustration 

O Type legends for illustrations double spaced starting on a sep- 
arate page, with arabic numerals corresponding to the illustrations. 

O When symbols, arrows, numbers, or letters are used to identify 
parts of the illustrations, identify and explain each one clearly 
in the legend. 

Abbreviations 

O The full term for which an abbreviation stands should precede 
its first use in the text unless it is a standard unit of measurement. 
Avoid abbreviations in the title. 

O Do not synthesize new or unusual abbreviations. When many 
abbreviations are used, include all in a box of definitions at the 
start of the article. 

C] Consult the following sources for abbreviations: 

1. CBE Style Manual Committee. Council of Biology Editors style 
manual: a guide for authors, editors, and publishers in the 
biological sciences. 4th ed. Arlington, Virginia: Council of 
Biology Editors, 1978; and 

2. O’Connor M, Woodford FP. Writing scientific papers in En- 
glish: an ELSE-Ciba Foundation guide for authors. Amster- 
dam: Elsevier-Excerpta Medica, 1975. 


Exclusive Publication Statement 


O The principal author of all materials submitted for publication 
{except letters to the editor) must include in a covering letter a 
statement to the effect that none of the material in this manu- 
script has been published previously nor is any of this material 
currently under consideration for publication elsewhere. 

O Authors will be asked to transfer copyright of articles accepted 
for publication to the International Anesthesia Research Society. 





Choose the night 
Brain Monitor 


for 
High Risk Surgery 







Protect the whole brain... 
More channels provide a complete picture. 


For information about the CNS Inc. Brain Monitoring Systems 
please write, CNS Inc., 7090 Shady Oak Rd., Minneapolis, MN 55344, or call 1 800 843-2978. 





For outpatient anesthesia 


Rapid 


Well-suited to the rapid turnover of outpatient 
cases, the low solubility of isoflurane in blood 
and tissue (only that of nitrous oxide is lower) 
enables you to quickly adjust the level of anes- 
thesia to patient and surgical requirements. 
Following anesthesia, a rapid washout and 
prompt recovery provide for your early patient 
assessment. Patient alertness and cooperation 
can facilitate handling in the outpatient setting. 
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Complete 


Without any other agent or premedicant, 
isoflurane provides every action required for 

a complete anesthetic, on a closely controlled, 
breath-by-breath basis: unconsciousness, 
surgical analgesia, amnesia, and good surgical 
muscle relaxation—a useful advantage for 
laparoscopies and orthopedic work, and one 
that begins when the anesthetic begins and 
ends with elimination of the anesthetic, thereby 
decreasing the risk of residual paralysis in 

the PAR. 

Because isoflurane is a complete anesthetic 
when given alone in oxygen or room air, nitrous 
oxide can be eliminated if you choose. Isoflurane 
anesthetics are seldom complicated and pro- 
longed by postoperative nausea and vomiting. 
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Excellent Safety Profile 


Stability of heart rhythm and good cardiac 
output are notable features of an isoflurane 
anesthetic. CNS excitation does not occur at 
any concentration or PaCO, level. Virtually 
100% of isoflurane is exhaled unchanged from 
the patient (only 0.17% of the isoflurane taken 
up is recovered as metabolites). This near 
absence of metabolic by-products all but 
assures an absence of hepatic or renal toxicity 


from metabolism. 
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For outpatient anesthesia 


FORANE isofturane,usp) 


Rapid...Complete...Excellent Safety Profile 


CAUTION: Paderal Law Protuisita Dispensing without Preecription. 
DESCRIPTION 
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2005 West Beltline Highway 
Madison WI 53713 2318 
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BOW SUPPLIED 
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Sometimes the most difficult 
part of treating an illness 
is respecting the patient 


RESPECTFUL 
TREATMENT: 


A Practical Handbook of Patient Care, 


Second Edition 
Martin R. Lipp, M.D., Associate Clinical 
Professor, Department of Psychiatry, 
University of California, San Francisco, CA 


How do you handle the combative patient. the se- 
ductive patient. the potentially suicidal patient. or the 
angry patient”? As you know. the way you relate to your 
patients greatly affects their treatment. Patients who ‘eel 
understood. supported. and respected. cope better with 
their illness and recover faster. 

We have a book that will help you better manage 
and understand the emotional care of your patients 

RESPECTFUL TREATMENT: A Practical Hand- 
book of Patient Care, Second Edition 1s a book of gro- 
fessional wisdom that has come out of the practice o 
medicine — and has direct application back to it. This 
practical guide to interacting effectively with patients — 
and colleagues. brings you tried and prcven ap- 
proaches to problems most often encountered in patent 
management 


e patient anxiety e confusional states 

e depression e pain and addiction 

° refusal of treatment and certiflability 

e psychiatric emergencies ın the hospital setting 

e psychotherapeutic medication ın the physically 1ll 
e families of the ıll 


For strategies to improve and enhance patient man- 
agement and therapy. count on Respectful Treatment: 
‘Martin Lipps beautiful book is for doctors who 

possess medical idealism. who respect tne sanctity 
of suffering and who are equipped with tenderness. It 
IS a wonderful little book which I wish I could put in 
the hands of every medical student in America.’ 
— Karl Menninger. M.D 
Bulletin of the Menninger Clinic 
ELSEVIER (from a review of the first edition) 


1986 352pages 0-444-01001-7 paper $1895 


ORDER COUPON 


Please send me copy(ies) of Lipp/ RESPECTFUL 
TREATMENT: A Practical Handbook of Patient 
Care, Second Edition. 0-444-01001-7. $18.95 per cory 


—— Please bill me. (Billed customers will be 
Charged net cost plus postage and handling) 
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Return to your usual supplier or. 

Elsevier Science Publishing Company, Inc. 
P.O. Box 1663. Grand Central Station 

New York. New York 10163-1663 
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Anesthesiologists: Put 
yourselfina Rocky position. 


How do you like fresh mountain air? 
Powder under your skis? World class ballet? 
A myriad of trout streams? 

And how would you like the time to 
enjoy them? 

Then let’s talk. 

Our current opening offers generous 
time off, state-of-the-art facilities, predictable 
hours in a combined practice, and relief from 
the competitive hospital environment. 

‘lo learn more about our position in the 
Rockies, call toll-free, 1-800-654-4398. If 
youre in Utah, call 355-1234. 

Or write: 323 South 600 East, Salt Lake 
City, UT 84102, Attn: Professional Staffing. 


f p ji The better value in quality healthcare. 











Anesthesiology Educational Foundation 
presents 


“ANESTHESIA PRACTICE 1987” 
September 25-27, 1987 


Hyatt Regency, Monterey, California 


Objective: 
To present for the clinician the latest concepts 
in anesthetic management, including the 
pharmacology of new drugs, physiologic prin- 
ciples, new developments in equipment and 
techniques, and special topics. 


Faculty: 
To Brechner, D. R. Cook, G. A. Gronert, T. H. 


Joyce Ill, P. A. Kapur, R. L. Katz, D. A. Kroll, 
M. G. Kuffner, H. K. Rosenbaum 


CME Credit: 


10⁄2 hours Category | 


Further information: 





Anesthesiology Educational Foundation 
PO Box 24230 
Federal Building 
Los Angeles, CA 90024 
(213)-825-0736 
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PERMANENT POSITION WANTED 
CRNA-—experienced, wishes busy situa- 
tion, solo or group, best of remuneration. 
1-800-521-6750. 


MDAS OR CRNAS: TRANS-AMERICAN 
ANESTHETISTS, WEST 

Temporary or Permanent MDAs, CRNAs, 
ready to serve you, up-to-date skills, co- 
operative, licensed, insured professionals 
caring about you. Call 1-800-762-1258, Box 
24432, Colorado Springs, CO 80918, or 303- 
598-2788 (CO). 


ANESTHESIOLOGISTS 

Excellent, prequalified individuals available 
to join your group on a career or temporary 
basis. For more information please contact: 
Southwest Anesthesia Services, PO Box 5719, 
Santa Fe, New Mexico 87502, (505) 983-7371. 


ROCKY MTS./SOUTHWEST 

We have career and temporary positions 
available from solo to large group practice 
in the Rocky Mts. and Southwest. Expenses 
paid; partnerships usually available. Please 
contact Southwest Anesthesia Services, PO 
Box 5719, Santa Fe, NM 87501. (505) 983- 
7371. 


800-FAST GAS: WORLDWIDE ANESTHESIA 

Have you got knocks and pings in your 
Anesthesia Department? Whether it’s a short 
or long-term staff shortage . .. we've got 
quality MDs and CRNAs to get your pro- 
gram running smoothly! 1-800-327-8427 
Worldwide Anesthesia, John Paju, President. 


TUTORING FOR WRITTEN AND ORAL 
BOARD EXAMS: 

Individual or small group sessions given in 
New York City, San Francisco, and Palm 
Springs. Unique approach to development 
of test-taking skills, including mock orals. 
Basic science emphasis. Call 415-321-1117. 


PRIVATE TUTORING AVAILABLE FOR WRIT- 
TEN AND ORAL BOARD EXAMS 

Send name, address, and phone to Box ANA 
5-84-E, % Anesthesia and Analgesia, Desk Ed- 
itorial, Elsevier Science Publishing Co., Inc., 
52 Vanderbilt Avenue, New York, NY 10017. 
Or phone 718-727-9690. 


SOUTHWESTERN PA ANESTHESIOLOGIST 
BE/BC to join group. All sale open heart. 
Opening immediately. Excellent compen- 
sation and future for right person. Re- 
sponse confidential. Pittsburgh area. Sub- 
mit CV to Box L26, % Anesthesia and Analgesia, 
Desk Editorial, Elsevier Science Publishing 
Company, 52 Vanderbilt Avenue, New York, 
NY 10017. 


NEW ENGLAND 

Immediate opening for BC/BE MDA in 
coastal New England town. No neuro or 
open heart. Income guarantee. NAMA, PO 
Box 24, Carlisle, MA 01741. (617) 369-5980. 


ORAL BOARD REVIEW 

Practice exams with critique. Intensive 
weekend course in Tampa, FL. Sep. 18-20. 
Two instructors. Limited class size. Reply: 
2656 Gunckel BI., Toledo, OH 43606, or (419) 
475-9641. 


MIAMI COMPREHENSIVE REVIEW COURSE 
IN ANESTHESIOLOGY - APRIL 24-29, 1987— 
KEY BISCAYNE, FL 

Sponsored by the University of Miami School 
or Medicine/Department of Anesthesiol- 
ogy. For more information contact: Profes- 
sional Seminars, PO Box 012318, Miami, 
Florida 33101. Telephone: (305) 547-6411. 


ANESTHESIOLOGIST 

Board Certified/Eligible to join four Anes- 
thesiologists and seven CRNAs in a fee-for- 
service group in a very progressive com- 
munity hospital. All types of procedures ex- 
cept open heart. Send CVA to Berks Anes- 
thesia Assoc., Inc., Suite 203 200 North 13th 
Street, Reading, PA 19604. 


MOUNTAINS OF WESTERN NC 

BE/BC anesthesiologist needed to join fee- 
for-service group in a community on the 
crest of the Blue Ridge Mtns. Competitive 
salary. Send CV with references to Watauga 
Anesthesia Assoc., PA, 301 Birch St., Boone, 
NC 28607. 


NORTH CAROLINA 

Anesthesiologist needed to join fee-for-ser- 
vice group. Full partnership after year on 
salary. Send CV to BOX BB10, % Anesthesia 


and Analgesia, Desk Editorial, 52 Vanderbilt 
Ave., New York, NY 10017. 


PROGRESSIVE 

Southern New England professional cor- 
poration seeking BE and BC anesthesiolo- 
gist for a five-member group with CRNA. 
Send CV to Box BB11, % Anesthesia and An- 
algesia, Desk Editorial, Elsevier Science Pub- 
lishing Co., 52 Vanderbilt Ave., New York, 
NY 10017. 


ILLINOIS 

Anesthesiologist BCBE sought for MD/CRNA 
team at progressive 350-bed community 
hospital. Send CV to Box CC18, % Anes- 
thesia and Analgesia, Editorial, Elsevier Sci- 
ence Publishing Co., 52 Vanderbilt Ave, New 
York, NY 10017. 


ANESTHESIOLOGIST 

AMG, BE, 33. Orals April 1987. Adult Car- 
diac Fellowship ends February 1987. Seeks 
fee-for-service. Prefer sunbelt or NYC, but 
all areas considered. Open heart an asset 
but not required. Reply 617-325-0936 or Box 
CC17, % Anesthesia and Analgesia, Editorial, 
Elsevier Science Publishing Co., 52 Van- 
derbilt Ave., New York, NY 10017. 


EXPERIENCED ANESTHESIOLOGISTS 
NEEDED 
Immediate openings for anesthesiologists 


to join a growing progressive group serving 


CLASSIFIED ADS 


Anesthesia and Analgesia makes available clas- 
sified advertising space for those interested in 
obtaining positions, or wishing to announce 
meetings, postgraduate courses, or other events. 
Display space (minimum 1⁄4 page) is also avail- 
able through Pharmaceutical Media, Inc. Rates 
for clasalfied advertising: $1.00 per word, min- 
imum twenty words. Additional fer of $12.00 
for box number ads. Copy deadline 7 weeks 
prior to publication, ¢.g., for the March issue, 
copy should be received by the 1st of January. 
Full payment or insttudonal purchase order 
must accompany the copy for each ad. Ads 
received without a check or purchase order will 
be returned. Ad copy, subject to acceptance by 
publisher, should be typed double-spaced and 
mailed In duplicate to: 

Anesthesia and Analgesia 

Desk Editorial 

Classified Ads 

Elsevier Science Publishing Co, Inc, 

52 Vanderbilt Avenue, New York, NY 10017. 

Make checks payable to Elsevier Science Pub- 
lishing Co, Inc. 
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an expanding multi-facility system in cen- 
tral California. Stable economic area, excel- 
lent school systems, close to ocean, moun- 
tains, and cultural attractions. Board 
Certification with experience in general OR 
and OB anesthesia highly desirable. Send 
CV to William Hass, MD, Box 5657, Fresno, 
CA 93755 or call (209) 224-4300. 


ANESTHESIOLOGIST 

BE/BC AMG recently trained or completing 
residency to join 2 MDAs and 3 CRNAs in 
200-bed JCAH-approved hospital on Lake 
Michigan, town of 79,000+, 1 hr from two 
major urban centers. Salary Ist yr 120k + 
malpractice leading to fee-for-service if suit- 
able. Send CV and 3 references with phone 
numbers to Box CC15, % Anesthesia and An- 
algesia, Editorial, 52 Vanderbilt Ave.. New 
York, NY 10017. 


MIDWEST PAIN MANAGEMENT 
Expanding Midwest anesthesia practice 
seeks anesthesiologist trained in all aspects 
of pain management to join group as as- 
sociate. Opportunity to establish a new ser- 
vice with support structure of established 
group. Send CV to Box CC13, % Anesthesia 
and Analgesia, Editorial, Elsevier Science 
Publishing Co., 52 Vanderbilt Ave., New 
York, NY 10017. 


MIDWEST CRITICAL CARE 

Expanding Midwest anesthesia practice 
seeks anesthesiologist trained in critical care 
medicine to join corporation as mainstream 
associate. Duties to include physician-in- 
charge of an ICU unit, teaching and the 
clinical practice of anesthesiology in a ter- 
tiary medical center. Send CV to Box CC14, 
% Anesthesia and Analgesia, Editorial, Elsev- 
ier Science Publishing Co., 52 Vancerbilt 
Ave., New York, NY 10017. 


TEXAS 

Two board eligible/certified anesthesiolo- 
gists to join PA group of six boarded MDs 
to form all-MD anesthesia service in 30)-bed 
Catholic hospital in community of 160,000. 
No OB; mainly cardiovascular, neuro, ortho 
and general surgery. Generous financial ar- 
rangements; partnership available when 
boarded. Recreational activities and cultural 
arts plentiful. Five-hour drive to mounzains/ 
skiing. Position available 7/1/87. Send CV 
to Box CC12, % Anesthesia and Analgesia, 
Editorial, 52 Vanderbilt Ave., New ‘York, 
NY 10017. 


MEDICAL DIRECTOR OF ANESTHESIA 
DEPARTMENT 

The AMI/Irvine Medical Center located in 
Irvine, California, is seeking a full-time Board 


Certified Anesthesia Department Director 
to oversee the anesthesia services of the 
hospital which is affiliated with the Uni- 
versity of California at Irvine. The AMI/Ir- 
vine Medical Center is currently under con- 
struction and is the only hospital in Irvine, 
a rapidly growing, well-established com- 
munity located in Orange County. The 
Anesthesia Services Director will have the 
opportunity to develop the anesthesia ser- 
vices for the medical center complex. The 
successful candidate will have a minimum 
of three years experience in anesthesia. 
Please send CV to Anesthesia Search Com- 
mittee, AMJ/Irvine Medical Center, 4605 
Barranca Parkway, Irvine, CA 92714 by 
4/30/87. Please provide a thorough descrip- 
tion of the current anesthesia services pro- 
vided by you or your group and describe 
your position in the group; indicate hospital 
affiliations and services provided to other 
hospitals and ups; and, provide three 
professional references. 


OPPORTUNITIES IN MAJOR TEACHING IN- 
STITUTION (CAPS) 

Anesthesiologists: Full-time, tenure-track, 
teaching positions in a large, rapidly ex- 
panding university program. Opportunities 
available at Assistant, Associate, and Full 
Professor levels; especially in the subspe- 
cialties of Neuroanesthesia, Transplant 
Anesthesia, Pediatric Pain Control. Com- 
pletion of an approved four-year training 
program in anesthesiology is required, and 
in subspecialty areas, experience and pro- 
ductivity in those areas is desirable. Anes- 
thesiology Board Certification desirable but 
not mandatory. Competitive salaries and 
fringe benefits. Address inquiries, includ- 
ing curriculum vitae; to Alon P. Winnie, MD, 
Head, Dept. of Anesthesiology, University 
of Illinois Hospital, 3200 W. (m/c 515), 1740 
W. Taylor St., Chicago, IL 60612. The Uni- 
versity of Illinois is an Equal Opportunity/ 
Affirmative Action Employer. 


PENNSYLVANIA 

Chief of Anesthesia to head department 
serving 200-bed community hospital in south 
central Pennsylvania. Board certification and 
administrative experience. Fee-for-service 
practice. Well-equipped department. All 
types of surgeries except heart. Position in- 
cludes active practice of anesthesiology and 
responsibility for quality assurance stand- 
ards and smooth operation of anesthesia 
services. Easy access to major cities. Good 
schools, recreational, and cultural facilities. 
send CV to Lawrence Scanlan Jr, President, 
Community General Hospital, Reading, PA 
19601. 


ANESTHESIOLOGIST 
Board certified or eligible to join a group of 
five Anesthesiologist and six Nurse Anes- 


thetists. 350-bed modern hospital in Fred- 
ericksburg, Virginia. One hour from Wash- 
ington, D.C. Reply to Dr. Robert A. Kravetz, 
2101 Fall Hill Avenue, Fredericksburg, VA 
22401. Or phone (703) 371-2786. 


PAIN MANAGEMENT 

Unique opportunity for BC/BE Anesthe- 
siologist with clinical ability to join pro- 
gressive group of anesthesiologists. Prac- 
tice limited to Pain Management. No OR or 
OB anesthesia. All procedures for treatment 
of pain including transphenoidal pituitary 
adenolysis and implantable reservoirs. 
Strong ancillary support services including 
full-time psychologist. Applicant should 
possess a strong interest in regional anes- 
thesia and desire one-on-one patient con- 
tact. Willing to train right individual. Ex- 
cellent salary and benefits. Send CV to Pain 
Consortium of Greater KC., 8301 State Line, 
Kansas City, MO 64114. 


TENNESSEE; ANESTHESIOLOGIST 

Private hospital group practice seeks BC/BE 
A e All types of high-risk sur- 
gical procedures except OB and OH. Ad- 
ditional training in cardiovascular or neu- 
roanesthesia is advantageous. Send CV to 
Anesthesiologists Group, P.C., PO BOX 
50578, Nashville, TN 37205. 


MOUNTAINS OF NORTHEAST TENNESSEE 
Six MD/7-CRNA group needs BC/BE Anesthe- 
siologist beginning 7/87. Training/experi- 
ence in Pain Management required to con- 
tinue expansion of established Pain 
Management Center. Equal compensation 
for new partner from day one. This region 
ideal for all of outdoor recreational 
activities. Send CV to Box CC19, % Anes- 
thesia and Analgesia, Editorial, Elsevier Sci- 
ence Publishing Co., 52 Vanderbilt Ave., 
New York, NY 10017. 


DIRECTOR OF ANESTHESIOLOGY 

Major teaching hospital, 880 beds with 
modern OR located in Brooklyn, New York, 
seeking experienced Administrator Physi- 
cian to supervise the professional & Ad- 
ministrative functions of our Department of 
Anesthesiology. Require meaningful expe- 
rience both professionally & administra- 
tively including supervisory bkgrnd. Excel- 
lent remuneration, top benefit & pension 
program, private practice opportunities, 
salary deferral plan, available parking. Send 
curriculum Vitae to Mr. Bernard Ornstein, 
Director of Personnel, Kingsbrook Jewish 
Medical Center, 585 Schenectady Avenue, 
Brooklyn, New York 11203. Equal Oppor- 
tunity Employer M/F. 
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Puritan-Bennetit Neuromuscular Transmission Monitor 


e Quantitative measurement of individual patient response to muscle relaxants 


e Automatic supramaximal reference level search 
e Constant current train-of-four every twenty seconds 


e Built-in graphic printer provides continuous recording 


Setting the pace in anesthesia and respiratory patient management systems 


For complete information, call or write: 


DATEX instrumentarium Corp. 
P.O. Box 357 PURITAN-BENNETT 
SF-00101 Helsinki 10, Finland CORPORATION 


358 0 711 214 





Literature Center 
40800 Pflumm Road 
Lenexa, Kansas 66215 
800-255-6773 
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Inapsine 
(droperidol) Injection 


RSVP: Your Hospital Pharmacist or Local Janssen Representative 
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Norcuron 


(vecuronium bromide) for injection 


In the vial-syringe package... 
reduces preparation time, cost, and waste. 
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b he a n pib 
Sas Each 10 mL vial contains 10 mg of 
fopucin ance lyophilized vecuronium bromide. Each 
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10 mL prefilled syringe of diluent contains 
bacteriostatic water for injection, USP 
Supplied in boxes of 10. 
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L] Convenient, easy to mix...cuts prepa- 
ration time. 


C] Each vial-syringe unit comes complete 
with its own 22-gauge 1¥%4-inch needle, an 
added benefit at a cost saving when 
compared to atracurium. 


L] Waste can be minimized...unused 


portion prepared with bacteriostatic water 
can be stored ey to five days. 
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Awailable in the 6.0L Vial peck 
with diluent, 10 mL vial pack with 
diluent, and 10 mL vial pack without 
diluent—as well as the new 
vial-syringe convenience pack. 


~ ORGANON INC. 
WEST ORANGE, NEW JERSEY 07052 
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Introducing 

the first preservative-free 
morphine sulfate worthy of 
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Æ Specially designed packaging for accountability s 
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Introducing the PB254 Anesthesia Gas Monitor 


If you're puzzled about how to incorporate complete gas monitoring into your 
O.R., the PB254 Anesthesia Gas Monitor is the solution. It continuously monitors, 
on a breath-by-breath basis, key airway gases of CO2} O N:O as well as 
anesthetic agents in one compact instrument. 


The PB254 Anesthesia Gas Monitor, utilizing advanced I.R. spec 
technology, has all the advantages available in a stand-alone monitor and 
none of the uncertainty associated with central processing mass spec 
systems. 


Complete gas monitoring has become the standard of care — the PB254 
Anesthesia Gas Monitor is the standard for excellence. Call 1-800-255-6773. 


HELPING YOU MANAGE RISK IN THE O.R. 


Distributor in western hemisphere 


Boston Division 
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Before prescribing, please consult complete prescribing information, of which the following is a brief summary. 
CAUTION: Federal Law Prohibits Dispensing Without Prescription 


DESCRIPTION: SUFENTA is a sterile, preservative free, aqueous solution containing sufentanil citrate equiva- 
lent to 50 ug per mi of sufentanil base for intravenous injection. The solution has a pH range of 3.5-6.0 


INDICATIONS AND USAGE: SUFENTA (sufentanil citrate)is indicated: As an analgesic adjunct in the 
maintenance of balanced general anesthesia. As a primary anesthetic agent for the induction and maintenance 
of anesthesia with 100% oxygen in patients undergoing major surgical procedures, such as cardiovascular 
Surgery or neurosurgical procedures in the sitting position, to provide favorable myocardial and cerebral oxygen 
balance or when extended postoperative ventilation is anticipated. SEE DOSAGE CHART FOR MORE COMPLETE 
INFORMATION ON THE USE OF SUFENTA 


CONTRAINDICATIONS: SUFENTA is contraindicated in patients with known hypersensitivity to the drug 


WARNINGS: SUFENTA should be administered only by persons specifically trained in the use of 
intravenous anesthetics and management of the respiratory effects of potent opioids. 


An opioid antagonist, resuscitative and intubation equipment and oxygen should be readily 
available. 


SUFENTA may cause skeletal muscle rigidity, particularly of the truncal muscles. The incidence and severity of 
muscle rigidity is dose related. Administration of SUFENTA may produce muscular rigidity with a more rapid 
onset than that seen with fentanyl. SUFENTA may produce muscular rigidity that involves the skeletal muscles 
of the neck and extremities. The incidence can be reduced by: 1) administration of up to 1/4 of the full para- 
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following loss of consciousness when SUFENTA is used in anesthetic dosages (above 8 pg/kg) titrated by slow 
intravenous infusion, or, 3) simultaneous administration of SUFENTA and a full paralyzing dose of a neuro- 
muscular blocking agent when SUFENTA is used in rapidly administered anesthetic dosages (above 8 pg/kg). 
The neuromuscular blocking agent should be compatible with the patient's cardiovascular status. Adequate 
facilities should be available for postoperative monitoring and ventilation of patients administered SUFENTA 
It is essential that these facilities be fully equipped to handle all degrees of respiratory depression. 


PRECAUTIONS: General: The initial dose of SUFENTA should be appropriately reduced in elderly and debili- 
tated patients. The effect of the initial dose should be considered in determining supplemental doses. Vital 
signs should be monitored routinely. Nitrous oxide may produce cardiovascular depression when given with 
high doses of SUFENTA (see CLINICAL PHARMACOLOGY). The hemodynamic effects of a particular muscle 
relaxant and the degree of skeletal muscle relaxation required should be considered in the selection of a 
neuromuscular blocking agent. High doses of pancuronium may produce increases in heart rate during 
SUFENTA-oxygen anesthesia. Bradycardia has been reported infrequently with SUFENTA-oxygen anesthesia 
and has been responsive to atropine. Respiratory depression caused by opioid analgesics can be reversed by 
opioid antagonists such as naloxone. Because the duration of respiratory depression produced by SUFENTA 
may last longer than the duration of the opioid antagonist actien, appropriate surveillance should be maintained. 
As with all potent opioids, profound analgesia is accompanied by respiratory depression and diminished sensi- 
tivity to CO, stimulation which may persist into or recur in the postoperative period. Appropriate postoperative 
monitoring should be employed to ensure that adequate spontaneous breathing is established and maintained 
prior to discharging the patient from the recovery area. Interaction with Other Central Nervous System 
Depressants: Both the magnitude and duration of central nervous system and cardiovascular effects may be 
enhanced when SUFENTA is administered to patients receiving barbiturates, tranquilizers, other opioids, general 
anesthetics or other CNS depressants. In such cases of combined treatment, the dose of one or both agents 
should be reduced. Head Injuries: SUFENTA may obscure the clinical course of patients with head injuries 
Impaired Respiration: SUFENTA should be used with caution in patients with pulmonary disease, decreased 
respiratory reserve or potentially compromised respiration. In such patients, opioids may additionally decrease 
respiratory drive and increase airway resistance. During anesthesia, this can be managed by assisted or 
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THAT KEEPS PATIENTS 
ON TRACK 


SUFENTA 


sufentanil citrate) Injection C 


Predictable control for longer, more stressful procedures 


PROVIDES smooth induction’ 


BLUNTS hemodynamic response to intubation 
and surgical stimulation’ 


REDUCES need for vasoactive drugs in 
the intraoperative and postoperative periods’ 


RESULTS in lower postoperative morbidity after 


aortic surgery compared with isoflurane’ 
(in a randomized study comparing sufentanil and isoflurane) 


CONVENIENT: Fewer ampoules to open 


of SUFENTA 

Carcinogenesis, Mutagenesis and Impairment of Fertility: No long-term animal studies of SUFENTA 
have been performed to evaluate carcinogenic potential. The micronucleus test in female rats revealed that 
single intravenous doses of SUFENTA as high as 80 pg/kg (approximately 2.5 times the upper human dose) 
produced no structural chromosome mutations. The Ames Salmonella typhimurium metabolic activating 
test also revealed no mutagenic activity. See ANIMAL TOXICOLOGY for reproduction studies in rats and rabbits 


Pregnancy Category C: SUFENTA has been shown to have an embryocidal effect in rats and rabbits when 
given in doses 2.5 times the upper human dose for a period of 10 days to over 30 days. These effects were 
most probably due to maternal toxicity (decreased food consumption with increased mortality) following 


prolonged administration of the drug. No evidence of teratogenic effects have been observed after administra- 
tion of SUFENTA in rats or rabbits. There are no adequate and well-controlled studies in pregnant women. 


SUFENTA should be used during pregnancy only if the potential benefit justifies the potential risk to the fetus 


Labor and Delivery: There are insufficient data to support the use of SUFENTA in labor and delivery 
Therefore, such use is not recommended 


Nursing Mothers: It is not known whether this drug is excreted in human milk. Because many drugs are 
excreted in human milk, caution should be exercised when SUFENTA is administered to a nursing woman 


Pediatric Use: The safety and efficacy of SUFENTA in children under two years of age undergoing cardio- 


vascular surgery has been documented in a limited number of cases 


Animal Toxicology: The intravenous LD;, of SUFENTA is 16.8 to 18.0 mg/kg in mice, 11.8 to 13.0 mg/kg in 
guinea pigs and 10.1 to 19.5 mg/kg in dogs. Reproduction studies performed in rats and rabbits given doses of 
up to 2.5 times the upper human dose for a period of 10 to over 30 days revealed high maternal mortality rates 
due ta decreased food consumption and anoxia, which preclude any meaningful interpretation of the results 


ADVERSE REACTIONS: The most common adverse reactions of opioids are respiratory depression and 
Skeletal muscle rigidity. See CLINICAL PHARMACOLOGY, WARNINGS and PRECAUTIONS on the management of 


respiratory depression and skeletal muscle rigidity. The most frequent adverse reactions in clinical trials involv- 


Dermatological: itching, erythema 
Central Nervous System: chills 
Miscellaneous: intraoperative muscle movement 


Cardiovascular: tachycardia, arrhythmia 
Gastrointestinal: nausea, vomiting 
Respiratory: apnea, postoperative respiratory 
depression, bronchospasm 


DRUG ABUSE AND DEPENDENCE: SUFENTA (sufentanil citrate) is a Schedule IlI controlled drug substance 
that can produce drug dependence of the morphine type and therefore has the potential for being abused 


OVERDOSAGE: Overdosage would be manifested by an extension of the pharmacological actions of SUFENTA 
(see CLINICAL PHARMACOLOGY) as with other potent opioid analgesics. However, no experiences of over- 
dosage with SUFENTA have been established during clinical trials. The intravenous LDso of SUFENTA in male 
rats is 9.34 to 12.5 mg/kg (see ANIMAL TOXICOLOGY for LD<,s in other species). Intravenous administration 
of an opioid antagonist such as naloxone should be employed as a specific antidote to manage respiratory 
depression. The duration of respiratory depression following overdosage with SUFENTA may be longer than 
the duration of action of the opioid antagonist. Administration of an opioid antagonist should not preclude 
more immediate countermeasures. In the event of overdosage, oxygen should be administered and ventilation 
assisted or controlled as indicated for hypoventilation or apnea. A patent airway must be maintained, and a 
nasopharyngeal airway or endotracheal tube may be indicated. If depressed respiration is associated with 
muscular rigidity, a neuromuscular blocking agent may be required to facilitate assisted or controlled respira- 
tion. Intravenous fluids and vasopressors for the treatment of hypotension and other supportive measures 
may be employed 

DOSAGE AND ADMINISTRATION: The dosage of SUFENTA should be individualized in each case according 
to body weight, physical status, underlying pathological condition, use of other drugs, and type of surgical 
procedure and anesthesia. In obese patients (more than 20% above ideal total body weight), the dosage of 
SUFENTA should be determined on the basis of lean body weight. Dosage should be reduced in elderly and 
debilitated patients (see PRECAUTIONS) 
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As safe 


as albumin or PPF 
In comparative clinical studies, platelet 
counts, hematocrits, serum fibrinogen 
levels, prothrombin times (PT), and 
partial thromboplastin times (PTT) 
seen with Hespan were comparable to 
those seen with albumin or plasma 
protein fraction (PPF). +° 

Other studies demonstrate that 
when any reduction in platelet count 
or prolongation of PT or PTT does 
occur with Hespan, no increased 
bleeding results, even in patients with 
multiple trauma.*° As with any volume 
expander, patients should be moni- 
tored for excessive hemodilution of 
coagulant factors or circulatory over- 
load when large volumes are 
administered. 

When Hespan-treated patients 
were monitored to detect localized or 


systemic sepsis, there was no evi- 
dence of a decrease in their ability to 
ward off infection or combat an estab- 
lished infection.° 

Hespan is nonantigenic and, as 
with blood-derived colloids, any risk of 
allergic reaction is minimal. Hespan 
also nas a negligible effect on sub- 
Sequent blood typing or cross- 
matching.’ 


As effective 


as albumin or PPF 
Comparative clinical studies have 
repeatedly demonstrated that Hespan 
IS as effective as albumin or PPF in 
postoperative myocardial revasculari- 
zation,’ and hemorrhagic, traumatic, 
or septic shock. 4>” 
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Hespan 

e% hetastarch in 
0.9% sodit! DP 
chloride inject oe 


Du Pont Critical Care, Inc. 


No significant differences between 
Hespan and albumin or PPF were 
noted in any efficacy parameter.’>’ 
Hespan effectively maintained colloid 
osmotic pressure, restored plasma vol- 
ume, and improved cardiac output 
and renal function in hypovolemic 
patients! >’ And, the volume-expanding 
effect of a single infusion of Hespan 
can persist for 24 hours or longer. 


Half the price 


of albumin or PPF 


Hespan offers a potential savings to 
your hospital of tens of thousands of 
dollars a year. 


For additional information, contact 
the Medical Services Department, 
Du Pont Critical Care, 1600 Waukegan 
Road, Waukegan, IL 60085. Phone 
1-800-323-4980. 







Lifesaving, 
moneysaving 


(hetastarch) 





Please see references and brief summary of 
prescribing information on following page. 


References: 1. Diehl JT, Lester JL, Cosgrove DM: Clinical 
comparison of hetastarch and albumin in postoperative 
cardiac patients. Ann Thorac Surg 34 (6):674-679, 1982. 
2. Moggio RA, Rha CC, Somberg ED, et al: Hemodynamic 


comparison of albumin and hydroxyethyl starch in postop- C H Al R H F R S 0 N 
erative cardiac surgery patients. Crit Care Med 11 (12):943- 

945, 1983. 3. Kirklin JK, Lell WA, Kouchoukos NT: Hydroxy- 

ethyl starch versus albumin for colloid infusion following 
cardiopulmonary bypass in patients undergoing myocardial 

revascularization. Ann Thorac Surg 37 (1):40-46, 1984. p 0 S ITI 0 N 
4. Puri VK, Paidipaty B, White L: Hydroxyethyl starch for 


resuscitation of patients with hypovolemia and shock. Crit 
Care Med 9 (12):833-837, 1981. 5. Shatney CH, Deepika K, 


ate PR, et al: Efficacy of hetastarch in the resuscitation The Knoxville Unit of the University of Tennessee Col- 
of patients with multisystem trauma and shock. Arch Surg ni : . . 
118:804-809, 1983. 6. Daniels MJ, Strauss RG, Smith-Floss AM: lege of Medicine is currently accepting applications 


Effects of hydroxyethyl starch on erythrocyte typing and for Chairperson of the Department of Anesthesiology 
blood crossmatching. Transfusion 22 (3):226-228, 1982. at The University of Tennessee Medical Center at 
7. Rackow EC, Falk JL, Fein IA, et al: Fluid resuscitation in Knoxville 

circulatory shock: A comparison of the cardiorespiratory j 
effects of albumin, hetastarch, and saline solutions in 
patients with hypovolemic and septic shock. Crit Care Med 
11(11):839-850, 1983 


This position requires board certification and ap- 
propriate academic credentials. 


Responsibilities include administration of residency, 


® medical student, and nurse anesthetist educational 
PAN (h t t h programs; providing anesthesia services for patient 
etastarc care activities for a 602-bed hospital: and establish- 





6% Hetastarch in 0.9% Sodium Chloride ing a research component in the Department. 
Injection Interested persons should send a curriculum vitae be- 
CONTRAINDICATIONS fore May 15, 1987. 

Hetastarch is contraindicated in patients with severe 

bleeding disorders or with severe congestive cardiac anc H. Sperry Nelson, Jr., M.D. 

renal failure with oliguria or anuria. Chairperson, Anesthesiol 

WARNINGS Advisor Committee PE 

Large volumes may alter the coagulation mechanism. Thus, y 

administration of hetastarch may result in transient prolon- The University of Tennessee 

gene prothrombin, paria thromboplastin and clotting Medical Center at Knoxville 

times. With administration of large doses, the physician 

should also be alert to the possibility of transient prolonga- Department of Surgery 

tion of bleeding time. 1924 Alcoa Highway 

Hematocrit may be decreased and plasma proteins diluted Knoxville, TN 37920 

excessively by administration of large volumes of (615) 544-9231 

hetastarch. 


Usage in Leukapheresis: Sign ficant declines in platelet 
counts and hemoglobin levels have been observed in 
donors undergoing repeated leukapheresis procedures due 
to the volume expanding effects of hetastarch. Hemoglobin 
levels usually return to normal within 24 hours. Hemodilu- 
tion by hetastarch and saline may also result in 24 hour 
declines of total protein, albumin, calcium and fibrinogen 
values. 

Usage in Pregnancy: Reproduction studies have been 
done in mice with no evidence of fetal damage. Relevance 
to humans is not known since hetastarch has not been 
given to pregnant women. Therefore, it should not be used 
in pregnant women, particularly during early pregnancy, 
unless in the judgment of the physician the potential bene- 
fits outweigh the potential hazards. 

Usage in Children: No data available pertaining to use in 
children. 

The safety and compatibility of additives have not been 
established. 

PRECAUTIONS 

The possibility of circulatory overload should be kept in 
mind. Special care should be exercised in patients who 
have impaired renal clearance since this is the principal 
way in which hetastarch is eliminated. Caution should be 
used when the risk of pulmonary edema and/or congestie 
heart failure is increased. Indirect bilirubin levels of 

0.83 mg% (normal 0.0-0.7 mg%) have been reported in 

2 out of 20 normal subjects who received multiple heta- 
Starch infusions. Total bilirubin was within normal limits az 
all times; indirect bilirubin returned to norma! by 96 hours 
following the final infusion. The significance, if any, of these 
elevations is not known; however, caution should be 
observed before administering hetastarch to patients with 
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determinations are necessary for proper monitoring o 
ANESTHESIOLOGIST 


An Affirmative Action/Title IX/Section 504 Employer 


hetastarch use during leukapheresis. Studies should 
include CBC, total leukocyte and platelet counts, leukocyte 
differential count, hemoglobin, hematocrit, prothrombin 
time (PT), and partial thromboplastin time (PTT). 
Hetastarch is nonantigenic. However, allergic or sensitivizy 


reactions have been reported (see ADVERSE REACTIONS). Chicago hospital seeks Board Certified 
Easton Whe SRAMA fe nocestorh AARI df Anesthesiologist to join anesthesia group 
ADVERSE REACTIONS for busy O.R. with high OB volume. 
Mesei pe pral agak oen amendon dort Previous experience in OB anesthesia care 


dular enlargement, mild influenza-like symptoms, head- 
aches, muscle pains, peripheral edema of the lower 
extremities, and anaphylactoid reactions consisting of peri- 
orbital edema, urticaria, and wheezing. 


preferred. Please forward vitae to: 


HOW SUPPLIED 

NDC 0094-0037-05-Hespan’ (6% Hetastarch in 0.9% 

Sodium Chloride Injection) is supplied sterile and nonpyro- Ms. Anne Schwab 

genic in 500 ml intravenous infusion bottles. ; ; ; 
CAUTI Norwegian American Hospital 
Federal (U.S.A.) law prohibits dispensing without pre- y 

scription. Rev: Feb., 1982 1044 North Francisco 


Distributed by Chicago, IL 60622 
Du Pont Critical Care, Inc. 
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For outpatient anesthesia 
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Rapid 


Well-suited to the rapid turnover of outpatient 
cases, the low solubility of isoflurane in blood 
and tissue (only that of nitrous oxide is lower) 
enables you to quickly adjust the level of anes- 
thesia to patient and surgical requirements. 
Following anesthesia, a rapid washout and 
prompt recovery provide for your early patient 
assessment. Patient alertness and cooperation 
can facilitate handling in the outpatient setting. 
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Complete 


Without any other agent or premedicant, 
isoflurane provides every action required for 

a complete anesthetic, on a closely controlled, 
breath-by-breath basis: unconsciousness, 
surgical analgesia, amnesia, and good surgical 
muscle relaxation—a useful advantage for 
laparoscopies and orthopedic work, and one 
that begins when the anesthetic begins and 
ends with elimination of the anesthetic, thereby 
decreasing the risk of residual paralysis in 

the PAR. 

Because isoflurane is a complete anesthetic 
when given alone in oxygen or room alr, nitrous 
oxide can be eliminated if you choose. Isoflurane 
anesthetics are seldom complicated and pro- 
longed by postoperative nausea and vomiting. 
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Excellent Safety Profile 


Stability of heart rhythm and good cardiac 
output are notable features of an isoflurane 
anesthetic. CNS excitation does not occur at 
any concentration or PaCO, level. Virtually 
100% of isoflurane is exhaled unchanged from 
the patient (only 0.17% of the isoflurane taken 
up is recovered as metabolites). This near 
absence of metabolic by-products all but 
assures an absence of hepatic or renal toxicity 
from metabolism. 





Anaquest 


For outpatient anesthesia 


F ORAN E isoflurane, USP) 


Rapid...Complete...Excellent Safety Profile 


CAUTION: Federal Law Prohibits Dispensing without Prescription 


DESCRIPTION 

FORANE (isoflurane, USP) a nonflammable liquid administered by vaponzing, is a general 
inhalation anesthetic drug. It is 1-chloro-2,2,2-tnfluoroethy! difluoromethy! ether and 
its structural formula is 


F H F 
|o] | 
F—C—C—O—C—H 
a. | 
F Cl F 
Some physica! constants are 


Molecular weight 1845 
Boiling point at 760 mm Hg 485 °C (uncorr) 


Refractive index n2\ 1 2990-1 3005 
Specific gravity 25 °/25 °C 1.496 
Vapor pressure in mm Hg** 20 °C 238 
25 °C 295 
30 °C 367 
35 °C 450 
**Equation for vapor pressure calculation 
B 
log, oP = A += where A = 8056 
- T B = - 166458 
T = °C + 27316 (Kelvin) 
Partition coefficients at 37 °C 
Water/gas 061 
Blood/gas 143 
Oilgas 908 
Partition coefficients at 25 °C - rubber and plastic 
Conductive rubber'gas 620 
Buty! rubber/gas 750 
Polyvinyl chlornde/gas 1100 
Polyethylene/gas ~20 
Polyurethane/gas ~14 
Polyolefin/gas ~11 
Buty! acetate/gas ~25 
Purity by gas chromatography >999% 
Lower limit of flammability in oxygen or 
nitrous oxide at 9 joules/sec and 23 °C None 


Lower limit of flammability in oxygen or Greater than useful 

nitrous oxide at 900 joules/sec. and 23 °C concentration in anesthesia 
Isoflurane is a clear, colorless, stable hquid containing no additives or chemical stabilizers 
Isoflurane has a mildly pungent, musty, ethereal odor Samples stored in indirect sunlight 
in clear, colorless glass for five years, as well as samples directly exposed for 30 hours 
to a 2 amp, 115 volt, 60 cycle long wave UV light were unchanged in composition as 
determined by gas chromatography. Isoflurane in one normal sodium metha@ade-methanol 
solution, a strong base, for over six months consumed essentially no alkali, indicative 
of strong base stability. Isoflurane does not decompose in the presence of soda lime 
and does not attack aluminum, tin, brass, iron or copper 


CLINICAL PHARMACOLOGY 


FORANE (isoflurane, USP) is an inhalation anesthetc. The MAC (minimum alveolar 
concentration) in man is as follows 





Age 100% Oxygen 70% N,O 
26 + 4 1.28 0.56 
44+7 115 0.50 
64 + 5 1.05 0.37 


Induction of and recovery from isoflurane anesthesia are rapid Isoflurane has a mild 
pungency which limits the rate of induction, although excessive salivation or 
tracheobronchial secretions do not appear to be stimulated Pharyngeal and laryngeal 
reflexes are readily obtunded. The level of anesthesia may be changed rapidly with 
isoflurane. Isoflurane is a profound respiratory depressant RESPIRATION MUST BE 
MONITORED CLOSELY AND SUPPORTED WHEN NECESSARY As anesthetic dose ıs 
increased, tidal volume decreases and respiratory rate is unchanged. This depression 
is partially reversed by surgical stumulation, even at deeper levels of anesthesia Isoflurane 
evokes a sigh response reminiscent of that seen with diethyl ether and enflurane, 
although the frequency is less than with enflurane 

Blood pressure decreases with induction of anesthesia but returns toward norma! with 
surgical stimulation. Progressive increases in depth of anesthesia produce corresponding 
decreases in blood pressure. Nitrous oxide diminishes the inspiratory concentration of 
isoflurane required to reach a desired level of anesthesia and may reduce the arterial 
hypotension seen with isoflurane alone. Heart rhythm is remarkably stable With 
controlled ventilauon and normal PaCOsg, cardiac output is maintained despite increasing 
depth of anesthesia primarily through an increase ın heart rate which compensates for 
a reduction in stroke volume. The hypercapnia which attends spontaneous ventilation 
dunng isoflurane anesthesia further increases heart rate and raises cardiac output above 
awake levels. Isoflurane does not sensitize the myocardium to exogenously administered 
epinephrine in the dog Limited data indicate that subcutaneous injection of 025 mg 
of epinephrine (50 mL of 1:200,000 solution) does not produce an increase in ventricular 
arrhythmias in patients anesthetized with isoflurane 

Muscle relaxation is often adequate for intra-abdominal operations at normal levels of 
anesthesia. Complete muscle paralysis can be attained with small doses of muscle 
relaxants) ALL COMMONLY USED MUSCLE RELAXANTS ARE MARKEDLY 
POTENTIATED WITH ISOFLURANE, THE EFFECT BEING MOST PROFOUND WITH THE 
NONDEPOLARIZING TYPE. Neostigmine reverses the effect of nondepolanzing muscle 
relaxants in the presence of isoflurane All commonly used muscle relaxants are 
compatible with isoflurane 

Pharmacokinetics: Isoflurane undergoes minimal biotransformation in man. In the 
postanesthesia penod, only 0.17% of the isoflurane taken up can be recovered as unnary 
metabolites 


INDICATIONS AND USAGE 

FORANE (isoflurane, USP) may be used for induction and maintenance of general 
anesthesia. Adequate data have not been developed to establish its application in 
obstetrical anesthesia 

CONTRAINDICATIONS 

Known sensitivity to FORANE (isoflurane, USP) or to other halogenated agents 
Known or suspected genetic susceptibility to malignant hyperthermia 


WARNINGS 

Since levels of anesthesia may be altered easily anc rapidly, only vaporizers producing 
predictable concentrations should be used. Hypotension and respiratory depression 
increase as anesthesia is deepened 


Anaquest Forane” (isoflurane, USP) 


Increased blood loss comparable to that seen with halothane has been observed in 
patients undergoing abortions 

FORANE (isoflurane, USP) markedly increases cerebral blood flow at deeper levels of 
anesthesia There may be a transient nse in cerebral spinal! fluid pressure which is fully 
reversible with hyperventilation 


PRECAUTIONS 

General: As with any potent general anesthetic, FORANE (isoflurane, USP) should only 
be administered in an adequately equipped anesthetizing environment by those who 
are familiar with the pharmacology of the drug and qualified by training and experience 
to manage the anesthetized patient 

Information to Patients: Isoflurane, as well as other genera! anesthetics, may cause a 
slight decrease in intellectual function for 2 or 3 days following anesthesia. As with other 
anesthetics. smal] changes in moods and symptoms may persist for up to 6 days after 
admunistration 

Laboratory Tests: Transient increases in BSP retention. blood glucose and serum 
creatinine with decrease in BUN, serum cholestero!] and alkaline phosphatase have been 
observed 

Drug Interactions: Isoflurane potentiates the muscle relaxant effect of all muscle 
relaxants, most notably nondepolanzing muscle relaxants, and MAC (minimum alveolar 
concentration) is reduced by concomitant administration of N,O 

See CLINICAL PHARMACOLOGY 

Carcinogenesis: Swiss ICR mice were given isoflurane to determine whether such 
exposure might induce neoplasia. Isoflurane was given at 1/2, 1/8 and 1/32 MAC for four 
in-utero exposures and for 24 exposures to the pups during the first nine weeks of life 
The mice were killed at 15 months of age. The incidence of tumors in these mice was 
the same as in untreated control mice which were given the same background gases, 
but not the anesthetic 

Pregnancy Category C: Isoflurane has been shown to have a possible anesthetic-related 
fetotoxic effect in mice when given in doses 6 times the human dose. There are no 
adequate and well-controlled studies in pregnant women Isoflurane should be used 
dunng pregnancy only if the potential benefit justifies the potential risk to the fetus 
Nursing Mothers: It is not known whether this drug is excreted in human milk. Because 
many drugs are excreted in human milk, caution should be exercised when isoflurane 
is administered to a nursing woman 

Malignant Hyperthermia: In susceptible individuals, isoflurane anesthesia may tngger 
a skeletal muscle hypermetabolic state leading to high oxygen demand and the clinical 
syndrome known as malignant hyperthermia The syndrome includes nonspecific 
features such as muscle ngidity, tachycardia, tachypnea, cyanosis, arrhythmias, and 
unstable blood pressure (It should also be noted that many of these nonspecific signs 
may appear with lght anesthesia, acute hypoxia, etc.) An increase in overall] metabolism 
may be reflected in an elevated temperature (which may nse rapidly early or late in the 
case, but usually ıs not the first sign of augmented metabolism) and an increased usage 
of the CO, absorption system (hot canister). PaO, and pH may decrease, and hyperkalemia 
and a base deficit may appear Treatment includes discontinuance of triggering agents 
(eg, isoflurane), administration of intravenous dantrolene sodium, and application of 
supportive therapy. Such therapy includes vigorous efforts to restore body temperature 
to normal, respiratory and circulatory support as indicated, and management of 
electrolyte-fluid-acid-base derangements. (Consult prescribing information for dantrolene 
sodium intravenous for additional information on patient management ) Renal! failure 
may appear later, and unne flow should be sustained if possible 


ADVERSE REACTIONS 

Adverse reactions encountered in the administration of FORANE (isoflurane, USP) are 
in general dose dependent extensions of pharmacophysiologic effects and include 
respiratory depression, hypotension and arrhythmias 

Shivering, nausea, vomiting and ileus have been observed ın the postoperative period 
As with all other general anesthetics, transient elevations in white blood count have 
been observed even in the absence of surgical stress 

See PRECAUTIONS for information regarding malignant hyperthermia 


OVERDOSAGE 

In the event of overdosage, or what may appear to be overdosage, the following action 
should be taken 

Stop drug admunistration, establish a clear airway and initiate assisted or controlled 
ventilation with pure oxygen 


DOSAGE AND ADMINISTRATION 
Premedication: Premedication should be selected according to the need of the individual 
patient, taking into account that secretions are weakly stimulated by FORANE 
(isoflurane, USP) and the heart rate tends to be increased The use of anticholinergic 
drugs ıs a matter of choice 
Inspired Concentration: The concentration of isoflurane being delivered from a vaponzer 
during anesthesia should be known. This may be accomplished by using 
a) vaponzers calibrated specifically for isoflurane. 
b) vaponzers from which delivered flows can be calculated, such as vaponzers 
delivenng a saturated vapor which is then diluted The delivered concentration 
from such a vaponzer may be calculated using the formula 


100 Py, Fy 
Fr Pa - Py) 
where P, = Pressure of atmosphere 
Py = Vapor pressure of isoflurane 


Fųy = Flow of gas through vaponzer (mL/min) 
Fy = Total gas flow (mL/min) 


Isoflurane contains no stabilizer Nothing ın the agent alters calibration or operation of 
these vaporizers 

Induction: Induction with isoflurane in oxygen or in combination with oxygen-nitrous 
oxide mixtures may produce coughing, breath holding, or laryngospasm. These 
difficulties may be avoided by the use of a hypnotic dose of an ultra-short-acting 
barbiturate. Inspired concentrations of 1 5 to 3.0% isoflurane usually produce surgical 
anesthesia ın 7 to 10 minutes 

Maintenance: Surgical levels of anesthesia may be sustained with a 10 to 25% 
concentration when nitrous oxide is used concomitantly. An additional 0.5 to 10% may 
be required when isoflurane is given using oxygen alone. If added relaxation is required, 
supplemental doses of muscle relaxants may be used 

The level of blood pressure during maintenance is an inverse function of isoflurane 
concentration in the absence of other complicating problems. Excessive decreases may 
be due to depth of anesthesia and in such instances may be corrected by lightening 
anesthesia 


HOW SUPPLIED 


FORANE (isoflurane, USP). NDC 10019-360-40, is packaged in 100 mL amber-colored 
bottles 


Storage: Store at room temperature Isoflurane contains no additives and has been 
demonstrated to be stable at room temperature for penods in excess of five years 


A-0336 Revised 10-85 
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SIEMENS 





For superior versatility and efficiency 
in advanced anesthesia systems, 
there's only one word you need to 
know...Servo! This compact, 
modular system from Siemens af- 
fords unmatched performance for 
routine and critical care cases 
involving pediatrics as well as 

adult patients. 


The Servo Anesthesia System is 
human-engineered for easy opera- 
tion, accurate control, and maximum 
Safety. In addition, the system inter- 
faces with a broad range of exclusive 
innovative monitoring systems, 





including the Sirecust 1280/81, CO2 
Analyzer 930, Servo Gas Monitor 120, 
and Lung Mechanics Calculator 940. 


The Servo Anesthesia System is 
backed by Siemens comprehensive 
commitment to total service and 
support...and healthcare profes- 
sionals and their patients. 


For further information, contact: 
Siemens-Elema Ventilator Systems 
2360 North Palmer Drive 
Schaumburg, IL 60173-3887 

(312) 397-5975 

Toll-free 1-800-323-1281 


MaA invaluable Source for Neurologists and Neurosurgeons 


Focal Peripheral Neuropathies 


John D. Stewart, B.Sc., M.B., B.S., M.R.C.P., FR.C.P.(C), 


Associate Professor, Department of Neurol 
Director EMG Laboratory, 


and Neurosurgery and Department of Medicine, McGill University; 
e Montreal General Hospital, Montreal, Quebec 


illustrated by Margo Siminovitch, B.Sc., A.A.M., Director of Educational Resources, The Montreal General 


Hospital, ‘Montreal, Quebec 


Focal Peripheral Newropathies is a comprehensive reference source 
for all physicians and surgeons who treat patients with acute and 
chronic peripheral nerve lesions. Neurologists and neurosurgeons; as 
well as hand and plastic surgeons, orthopedists, rheumatologists, and 
specialists in physical medicine and rehabilitation will find this well 
Illustrated volume presents clinical and research information directly 
applicable to practice. 


This 421 page, 24 chapter text is devoted to the study of lesions of the 
individual peripheral nerves, from the spina! nerve roots to the terminal 
digital branches. The text systematically discusses the causes, 
symptoms, and differential diagnoses of radiculopathles, plexopa- 
thies, and focal neuropathies Involving individual peripheral nerve 
trunks and their more important branches. 


1987 + 421 pages - 117 figures + cioth » 0-444-01132-3 - $55.00 
. (DH. $205.00 outside North America) 


Contents 

1 The Structure of the Peripheral Nervous $ 
2 Pathological Procass Producing Focal Pe 

Neuropathies 
3 Electrical Activity in Normal and Abnormal! Nerves 
4 The Evaluation of Patients with Focal Neuropathies 
5 The Cervical Spinal Nerve Roots and Spinal Nerves 
6 The Cervical Piexus and the Nerves of the Neck 
7 The Brachial Plexus 
8 The Nerves Arising from the Brachial Plexus 
§ The Median Nerve 


oheral 








FIGURE 12.1 Palmar view of the right wrist and hand, the course and 
branching of the median and ulnar nerves. These nerves first divide into the 
seal digital nerves, which then divide further to become individual proper 
palmar nerves. Thé transverse ca sr ano (6 extension, which 
fais e ooro Gon canal, are with asterisks. 


14 The Lumbosacral Plexus 

15 The Sclatic Nerve, the Gluteal and Pudendal Nerves, 
and the Posterior Cutaneous Nerve of the Thigh 

16 The Common Peroneal Nerve 

17 The Tibial, Plantar, interdigital, and Sural Nerves 

18 The Femoral and Saphenous Nerves 

19 The Lateral Cutaneous Nerve of the Thigh 

20 The Obturator Nerve 


10 The Ulnar Nerve 21 The Iliohypogastric, llioinguinal, and 
11 The Radial Nerve Genitofemoral Nerves 
12 The Digital Nerves 22 The Thoracic Spinal Nerves 
13 The Cauda Equina, Lumbar and Sacral Nerve Roots, 23 Mononeuropathy Multiplex 

and Spinal Nerves 24 Neuropathic Pain 

ORDER FORM 
Please send me: 
copy(ies) of Stewart/Foeal Peripheral Neuro les 0-444-01132-3 cloth $55.00 
(on $200 00 outside North America) pan 

eta New York, please add applicable Piaase bill me. (Billed customers will be charged the net cost plus postage and handling.) 
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mq” ELSEVIER SCIENCE PUBLISHING CO., INC. 








Dual action 


INOCOR LY. avenone 








Two-in-one action can 
improve hemodynamic response 
after cardiac surgery. 

In patients with congestive 
heart failure due to coronary 
artery disease, INOCOR I.V. 
increases CI and decreases 
preload and afterload without 
increasing MVO, or significantly 
increasing risk of arrhythmias. 

INOCOR LV. is “...an 
extremely useful tool....1 have 
been using amrinone...[for] 
imotropic support to wean 


patients from cardiopulmonary 


bypass and as a means of 
increasing [CI] in the post- 
bypass period.” 


Roberta Hines, M.D. 
Yale University School of Medicine 
Yale University Hospital 
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INDEX 
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AFTERLOAD 
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= 8. Amrinone was infused at 2.5 mg/kg over 1 hour. Adapted from 


a et al.’ 


Please see last page ‘or important product information concerning 





% Change from baseline 


contraindications, adverse reactions, patient selection, and precaut ionary 


recommendations 
"Interview on file, Wint hrop Pharmaceuticals 
© 1987 Winthrop Pharmaceuticals 
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State-of-the-heart 
therapy. 





INOCOR LY. 






0-In-one dual motropic and 
vasodilator action provides 


improved therapy for the 





heart failure. 


W Unlike catecholamines, INOCOR 
does not significantly increase risk 


ac surgery patient. 


W Unlike catecholamines, INOCOR 
does not increase MVO, and can be 
used in ischemic patients with 


W Unlike catecholamines, INOCOR 
does not act on the beta receptors— 
may be effectively used in patients 


on beta blockers. 


of arrhythmias (see Precautions). 


Please consult full product information before prescribing. A summary follows 
INOCOR lactate injection, brand of amrinone lactate, represents a new class of 
Cardiac inotropic agents with vasodilator activity, distinct from digitalis 
lycosides or catecholamines 
DICATIONS AND USAGE (INOCOR lactate injection is indicated for the 
short-term management of congestive heart failure in patients who can be 


closely monitored and who have not responded adequately to digitalis, 


diuretics, and/or vasodilators.) 

INOCOR lactate injection is indicated for the short-term management of 
congestive heart failure. Because of limited experience and potential for serious 
adverse effects (see ADVERSE REACTIONS), INOCOR should be used only in 
patients who can be closely monitored and who have not responded adequately 
to digitalis, diuretics, and/or vasodilators. Although most patients have been 
studied hemodynamically for periods only up to 24 hours, some patients were 
Studied for longer periods and demonstrated consistent hemodynamic and 
Clinical effects. The duration of therapy should depend on patient 
responsiveness. 

CONTRAINDICATIONS INOCOR lactate injection is contraindicated in patients 
who are hypersensitive to it 

It is also contraindicated in those patients known to be hypersensitive to 
sulfites 
PRECAUTIONS General: INOCOR lactate injection should not be used in 
patients with severe aortic or pulmonic valvular disease in lieu of surgical relief 
of the obstruction. Like other inotropic agents, it may aggravate outflow tract 
obstruction in hypertrophic subaortic stenosis. 

During intravenous therapy with INOCOR lactate injection, blood pressure 
and heart rate should be monitored and the rate of infusion slowed or stopped in 
patients showing excessive decreases in blood pressure 


Patients who have received vigorous diuretic wee may have insuffi- 
R lactate injection, 


cient cardiac filling pressure to respond adequately to INOC 
in which case cautious liberalization of fluid and electrolyte intake may be 
indicated 

Supraventricular and ventricular arrhythmias have been observed in the 
very high-risk population treated. While amrinone per se has not been shown to 
be arrhythmogenic, the potential for arrhythmia, present in congestive heart 
failure itself, may be increased by any drug or combination of drugs 

Thrombocytopenia and hepatotoxicity have been noted (see ADVERSE 
REACTIONS) 
LABORATORY TESTS Fluid and electrolytes: Fluid and electrolyte changes 
and renal function should be carefully monitored during amrinone lactate 
therapy. Improvement in cardiac output with resultant diuresis may necessitate 
a reduction in the dose of diuretic. Potassium loss due to excessive diuresis 
may predispose digitalized patients to arrhythmias. Therefore, hypokalemia 
should be corrected by potassium supplementation in advance of or during 
amrinone use. 
DRUG INTERACTIONS In a relatively limited experience, no untoward clinical 
manifestations have been observed in patients in whom INOCOR lactate 





injection was used concurrently with the following drugs: digitalis glycosides, 


lidocaine, quinidine, metoprolol, propranolol; hydralazine, prazosin, isosorbide 


dinitrate, nitroglycerine; chiorthalidone, ethacrynic acid, furosemide, hydrochlo- 
rothiazide, spronolactone, captopril, heparin, warfarin, potassium supple- 


ments, insulin, diazepam 

One case of excessive hypotension was reported when amrinone was 
used concurrently with disopyramide 

Until additional experience is available, concurrent administration with 
Norpace® disapyramide should be undertaken with caution 
USE IN ACUTE MYOCARDIAL INFARCTION INOCOR is not recommended 
for use in acute myocardial infarction 
USE IN CHILDREN Safety and effectiveness in children have not been 
established 


USE IN PREGNANCY Pregnancy category C In New Zealand white rabbits, 


amrinone has been shown to produce fetal skeletal and gross external 
malformations at oral doses of 16 mg/kg and 50 mg/kg that were toxic for the 
rabbit. Studies in French Hy/Cr rabbits using oral doses up to 32 mg/kg/day did 
not confirm this finding. No malformations were seen in rats receiving amrinone 
intravenously at the maximum dose used, 15 mg/kg/day (approximately the 
recommendec daily IV dose for patients with congestive heart failure). There are 
no adequate and well-controlled studies in pregnant women. Amrinone should 
be used during pregnancy only if the potential benefit justifies the potential risk 
to the fetus 

USE IN NURSING MOTHERS Caution should be exercised when amrinone is 
administered to nursing women, since it is not known whether it is excreted in 
human milk 

ADVERSE REACTIONS Thrombocytopenia: Intravenous INOCOR lactate 
injection resulted in platelet count reductions to below 100,000/mm! in 2.4% of 
patients 

Gastrointestinal effects: Gastrointestinal adverse reactions reported with 
INOCOR lactate injection during clinical use included nausea (1.7%), vomiting 
(0.9%), abdominal pain (0.4%), and anorexia (0.4%) 

Cardiovascular effects. Cardiovascular adverse reactions reported with 
INOCOR lactate injection include arrhythmia (3%) and hypotension (1.3%) 


Hepatic toxicity: In dogs, at IV doses between 9 mg/kg/day and 32 mg/kg/day, 


amrinone showed dose-related hepatotoxicity manifested either as enzyme 
elevation or hepatic cell necrosis-or both Hepatotoxicity has been observed in 
man following soy shee oral dosing and has been observed, in a limited 
experience (0 2%), following IV administration of amrinone 

Hypersensitivity: There have been reports of several apparent hypersensitivity 
reactions in patients treated with oral amrinone for about two weeks. Signs and 
symptoms were variable but included pericarditis, pleuritis, and ascites (one 
Case), myositis with interstitial shadowing on chest x-ray and elevated 


sedimentation rate (one case); and vasculitis with nodular pulmonary densities, 


hypoxemia, and jaundice (one case). The first patient died, not necessarily of 
the possible reaction, while the last two resolved with discontinuation of 


State-of-the-heart 


(AMRINONE 





necor 


W INOCOR has not been shown to 
interact with anesthetic agents. 


therapy. None of the cases were rechallenged, so attribution to amrinone is r 
certain, but possible hypersensitivity reactions should be considered in ai 
patient maintained for a prolonged period on amrinone. 
General: Additional adverse reactions observed in intravenous amrinoe 
clinical studies include fever (0.9%), chest pain (0.2%), and burning at the site 
injection (0.2%) 
OVERDOSAGE Doses of INOCOR lactate injection may produce hypotensi 
because of its vasodilator effect. If this occurs, amrinone administration shou 
be reduced or discontinued. No specific antidote is known, but genem 
measures for circulatory support should be taken 
MANAGEMENT OF ADVERSE REACTIONS Platelet count reductior 
Asymptomatic platelet count reduction (to less than 150,000/mm*) may M 
reversed within one week of a decrease in drug dosage. Further, with no chang 
in drug dosage, the count may stabilize at lower than predrug levels without am! 
clinical sequelae. Predrug platelet counts and frequent platelet counts durin 
therapy are recommended to assist in decisions regarding dosag 
modifications 

Should a platelet count less than 150,000/mm? occur, the followie 
actions may be considered 
e Maintain total daily dose unchanged, since in some cases counts have eith 

stabilized or returned to pretreatment levels 
e Decrease total daily dose 
e Discontinue amrinone if, in the clinical judgment of the physician, risk exceew 
the potential benefit 

Gastrointestinal side effects: While gastrointestinal side effects were se 
infrequently with IV therapy, should severe or debilitating ones occur, tii 
physician may wish to reduce dosage or discontinue the drug based on ti 
usual benefit-to-risk considerations. 
Hepatic toxicity: \n clinical experience to date with IV administration, hepa 
toxicity has rarely been observed. If acute marked alterations in liver enzyme 
occur together with clinical symptoms, suggesting an idiosyncratic hyperser 
tivity reaction, amrinone therapy should be promptly discontinued 

lf less than marked enzyme alterations occur without clinical symptor 
these nonspecific changes should be evaluated on an individual basis. T 
clinician may wish to continue amrinone and reduce the dosage or discontin 
the drug based on the usual benefit-to-nsk considerations. 
HOW SUPPLIED Ampuls of 20 mL sterile, clear yellow solution containing 
INOCOR 5 mg/mL, box of 5 (NDC 0024-0888-20). Each 1 mL contains INOCC 
lactate equivalent to 5-mg base and 0.25 mg sodium metabisulfite in water f 
injection 


1. Benotti JR, Grossman W, Braunwald E, et al: Effects of 
amrinone on myocardial energy metabolism and 
hemodynamics in patients with severe congestive heart 
failure due to coronary artery disease. Circulation 
1980;62:28-34 
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See for yourself. 


The only surgical muscle relaxant 
free of clinically significant 
cardiovascular and histamine- 
related side effects... 


ideal for your patients, including 
those at risk." 








see the safety for yourself. 


Free of clinically significant cardiovascular effects.* 


NORCURON? is the only surgical muscle relaxant for which no clinically significant cardiovascular effects 
were observed in clinical trials.'* In fact, even at 12 times effective doses, under halothane anesthesia,’ 
NORCURON® produced no tachycardia, hypotension, or abnormalities of cardiodynamic function. 


Cardiovascular Response to Norcuron® (vecuronium bromide) 
at 12 Times the ED,,* CO-cardiac output 
HR-heart rate 
PMAP-pulmonary mean arterial 
pressure 
PCWP-pulmonary capillary 
wedge pressure 
SMAP-systemic mean arterial 
pressure 
SVR-systemic vascular 
resistance 


% of Control 


2 5 
*Adapted from Morris et al.' Minutes After Administration 





Histamine release or histamine-related side effects 
unlikely to occur...even at 3.5 times the ED,,.° 


NORCURON® has not been shown to significantly affect circulating histamine, mean arterial blood 
pressure, and heart rate even in doses at the upper extreme of the recommended clinical range.’ 


The Effect of Nondepolarizing Muscle Relaxants* Percent of Control 


Drug Dose XEDgs Histamine Mean Arterial Heart Rate 
(mg/kg) Pressure 


Metocurine 0.57 l ee ee tae 


Atracurium 0.67 
Vecuronium 0.1 


Vecuronium 0.2 


* Adapted from Basta et al. 
+0.1 mg/kg higher than recommended dose. 








Performance unaffected by renal function.*® 


Despite administration of high doses of NORCURONS®, no significant differences in onset 
time, duration of action, or recovery index have been noted between patients with and 
without renal function.® 


Comparative Indices of Neuromuscular Blockade for Patients With and Without Renal Function 
Given Equal Doses (0.14 mg/kg)* of NORCURON® (vecuronium bromide) by Bolus Injectiont 


Onset (min) 


Duration of time (min) |___ 103.8+12.9 


to 90% recovery i a | 104.1 +45.7 


Recovery index (min) 
28.7 +22.7 
w Normal Renal Function No Renal Function 


* Although high doses of NORCURON® were used to assess its pharmacokinetics, it is recommended that the initial dose not exceed 0.08 to 0.1 mg/kg. 
t Adapted from Miller et al.® 





The surgical muscle relaxant 
ideal for virtually all patients 
including those at risk. 


Norcuron’ 


vecuronium bromide) injection 


See full prescribing information on following page. 





References: 1. Morris RB, et al: The cardiovascular effects of vecuronium vecuronium in cardiac surgical patients. Anesthesiology 1984; 61:A63. 5. Basta 
(ORG NC 45) and pancuronium in patients undergoing coronary artery bypass SJ, et al: Vecuronium does not alter serum histamine within the clinical dose 
grafting. Anesthesiology 1983; 58:438-440. 2. Durant NN: Norcuron®—a new range. Anesthesiology 1983; §9:A273. 6. Miller RD, et al: Pharmacokinetics of 
nondepolarizing neuromuscular blocking agent. Semin Anesth 1982; 1:47-56. vecuronium in patients with kidney disease, in Agoston S, et al (eds): Clinical 
3. Krieg N, Crul JF Booij LH: Relative potency of ORG NC 45, pancuronium, Experiences with Norcuron (ORG NC 45, Vecuronium Bromide), Amsterdam, 
alcuronium, and tubocurarine in anesthetized man. Br J Anaesth 1980; Excerpta Medica, 1983, p 124. 

52:783-787. 4. Gallo JA, et al: Hemodynamic effects of bolus injection of 
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Nor CUYOI?Y (vecuronium bromide) injection 
THIS DRUG SHOULD BE ADMINISTERED BY ADEQUATELY TRAINED INDIVIDUALS FAMILIAR WITH ITS 
ACTIONS, CHARACTERISTICS, AND HAZARDS. 


DESCRIPTION: NORCURON® (vecuronium bromide) injection is a nondepolarizing neuromuscular blocking agent of 
intermediate duration, chemically designated as piperidinium, 1-[(2B 3a, 5a, 16B, 178)-3, 17-bis(acetyloxy)-2-(1- 
piperidinyl)androstan-16-yl]-1-methyl-, bromide. 

_ Norcuron® is supplied as a sterile nonpyrogenic treeze-dried buffered cake of very fine microscopic crystalline par- 
ticles for intravenous injection only. Following reconstitution with solvent (water for injection) the resultant solution is iso- 
tonic and has a pH of 4. Each 5 ml vial contains 10 mg vecuronium bromide. Each vial also contains citric acid, dibasic 
sodium phosphate, sodium hydroxide, and/or phosphoric acid to buffer and adjust pH and mannitol to make isotonic. 
CLINICAL PHARMACOLOGY: Norcuron® (vecuronium bromide) injection is a nondepolarizing neuromuscular 
blocking agent possessing all of the characteristic pharmacological actions of this class of drugs (curariform). It acts by 
competing for cholinergic receptors at the motor end-plate. The antagonism to acetylcholine is inhibited and 
neuromuscular block is reversed by acetylcholinesterase inhibitors such as neostigmine, edrophonium, and 
pyridostigmine. Norcuron® is about ¥3 more potent than pancuronium; the duration of neuromuscular blockade 
produced by Norcuron® is shorter than that of pancuronium at initially equipotent coses. The time to onset of paralysis 
decreases and the duration of maximum effect increases with increasing Norcuron® doses. The use of a peripheral 
nerve stimulator is of benefit in assessing the degree of muscular relaxation. 

The EDgo (dose required to produce 90% suppression of the muscle twitch response with balanced anesthesia) has 
averaged 0.057 mg/kg (0.049 to 0.062 mg/kg in various studies). An initial Norcuron® dose of 0.08 to 0.10 mg/kg 
generally produces first depression of twitch in approximately 1 minute, good or excellent intubation conditions within 
2.5 to 3.0 minutes, and maximum neuromuscular blockade within 3 to 5 minutes of injection in most patients. Under 
balanced anesthesia, the time to recovery to 25% of control (clinical duration) is approximately 25 to 40 minutes after 
injection and recovery is usually 95% complete approximately 45-65 minutes after injection of intubating dose. The 
neuromuscular blocking action of Norcuron® is slightly enhanced in the presence of potent inhalation anesthetics. If 
Norcuron® is first administered more than 5 minutes after the start of the inhalation of enflurane, isoflurane, or 
halothane, or when steady state has been achieved, the intubating dose of Norcuron® may be decreased by 
approximately 15% (see DOSAGE AND ADMINISTRATION section). Prior admonistration of succinylcholine may 
enhance the neuromuscular blocking effect of Norcuron® and its duration of action. With succinylcholine as the 
intubating agent, initial doses of 0.04-0.06 mg/kg of Norcuron® will produce complete neuromuscular block with 
Clinical duration of action of 25-30 minutes. If succinylcholine is used prior to Norcuron®, the administration of 
Norcuron® should be delayed until the patient starts recovering from succinylcholine-induced neuromuscular 
blockade. The effect of prior use of other nondepolarizing neuromuscular blocking agents on the activity of Norcuron” 
has not been studied (see Drug Interactions). 

Repeated administration of maintenance doses of Norcuron® has little or no cumulative effect on the duration of 
neuromuscular blockade. Therefore, repeat doses can be administered at relatively regular intervals with predictable 
results. After an initial dose of 0.08 to 0.10 mg/kg under balanced anesthesia, the first maintenance dose (suggested 
maintenance dose is 0.010 to 0.015 mg/kg) is generally required within 25 to 40 minutes; subsequent maintenance 
doses, if required, may be administered at approximately 12 to 15 minute intervals. Halothane anesthesia increases the 
clinical duration of the maintenance dose only slightly. Under enflurane a maintenance dose of 0.010 mg/kg is 
approximately equal to 0.015 mg/kg dose under balanced anesthesia 

The recovery index (time from 25% to 75% recovery) is approximately 15-25 minutes under balanced or halothane 

anesthesia. When recovery from Norcuron® neuromuscular blocking effect begins, it proceeds more rapidly than 
recovery from pancuronium. Once spontaneous recovery has started, the neuromuscular block produced by 
Norcuron® is readily reversed with various anticholinesterase agents, e.g. pyridostigmine, neostigmine, or 
edrophonium in conjunction with an anticholinergic agent such as atropine or glycopyrrolate. There have been no 
reports of recurarization following satisfactory reversal of Norcuron® induced neuromuscular blockade; rapid recovery 
is a finding consistent with its short elimination half-life. 
Pharmacokinetics: At clinical doses of 0.04-0.10 mg/kg, 60-80% of Norcuron® is 
usually bound to plasma protein. The distribution half-life following a single intravenous 
dose (range 0.025-0.280 mg/kg) is approximately 4 minutes. Elimination half-life over this 
same dosage range is approximately 65-75 minutes in healthy surgical patients and in renal 
failure patients undergoing transplant surgery. In late pregnancy, elimination half-life may 
be shortened to approximately 35-40 minutes. The volume of distribution at steady state is 
approximately 300-400 ml/kg; systemic rate of clearance is approximately 3-4.5 
mi/minute/kg. In man, urine recovery of Norcuron® varies from 3-35% within 24 hours. 
Data derived from patients requiring insertion of a T-tube in the common bile duct suggests 
that 25-50% of a total intravenous dose of vecuronium may be excreted in bile within 42 
hours. Only unchanged Norcuron® (vecuronium bromide) injection has been detected in 
human plasma following clinical use. One metabolite, 3-deacety! vecuronium, has been 
recovered in the urine of some patients in quantities that account for up to 10% of injected 
dose; 3-deacetyl vecuronium has also been recovered by T-tube in some patients account- 
ing for up to 25% of the injected dose. 

This metabolite has been judged by animal screening (dogs and cats) to have 50% or 
more of the potency of Norcuron®: equipotent doses are of approximately the same duration 
as Norcuron® in dogs and cats. Biliary excretion accounts for about half the dose of 
Norcuron® within 7 hours in the anesthetized rat. Circulatory bypass of the liver (cat preparation) prolongs recovery 
from Norcuron®. Limited data derived from patients with cirrhosis or cholestasis suggests that some measurements of 
recovery may be doubled in such patients. In patients with renal failure, measurements of recovery do not differ 
significantly from similar measurements in healthy patients. 

Studies involving routine hemodynamic monitoring in good risk surgical patients reveal that the administration of 
Norcuron® in doses up to three times that needed to produce clinical relaxation (0.15 mg/kg) did not produce clinically 
significant changes in systolic, diastolic or mean arterial pressure. The heart rate, under similar monitoring, remained 
unchanged in some studies and was lowered by a mean of up to 8% in other studies. A large dose of 0.28 mg/kg 
administered during a period of no stimulation, while patients were being prepared for coronary ee bypass grafting, 
was not associated with alterations in rate-pressure-product or pulmonary capillary wedge pressure. Systemic vascular 
resistance was lowered slightly and cardiac output was increased insignificantly. (The drug has not been studied in 
patients with hemodynamic dysfunction secondary to cardiac valvular disease). Limited clinical experience (3 patients) 
with use of Norcuron® during surgery for pheochromocytoma has shown that administration of this drug is not 
associated with changes in blood pressure or heart rate. ts 

Unlike other nondepolarizing skeletal muscle relaxants, Norcuron® has no clinically significant effects on 
hemodynamic parameters and will not counteract those hemodynamic changes or known side effects produced by or 
associated with anesthetic agents. l l 

Preliminary data on histamine assay in 16 patients and available clinical experience in more than 600 patients 
indicate that hypersensitivity reactions such as bronchospasm, flushing, redness, hypotension, tachycardia, and other 
reactions commonly associated with histamine release are unlikely to occur. 

INDICATIONS AND USAGE: Norcuron® is indicated as an adjunct to general anesthesia, to facilitate endotracheal 
intubation and to provide skeletal muscle relaxation during surgery or mechanical ventilation. 
CONTRAINDICATIONS: None known. 

WARNINGS: NORCURON® SHOULD BE ADMINISTERED IN CAREFULLY ADJUSTED DOSAGE BY OR UNDER THE 
SUPERVISION OF EXPERIENCED CLINICIANS WHO ARE FAMILIAR WITH ITS ACTIONS AND THE POSSIBLE 
COMPLICATIONS THAT MIGHT OCCUR FOLLOWING ITS USE. THE DRUG SHOULD NOT BE ADMINISTERED UNLESS 
FACILITIES FOR INTUBATION, ARTIFICIAL RESPIRATION, OXYGEN THERAPY, AND REVERSAL AGENTS ARE IM- 
MEDIATELY AVAILABLE. THE CLINICIAN MUST BE PREPARED TO ASSIST OR CONTROL RESPIRATION. In patients 
who are known to have myasthenia gravis or the myasthenic (Eaton-Lambert) syndrome, small doses of Norcuron® may 
have profound effects. In such patients, a peripheral nerve stimulator and use of a small test dose may be of value in 
monitoring the response to administration of muscle relaxants. B l 
PRECAUTIONS: Renal Failure: Norcuron® is well-tolerated without clinically significant prolongation af neuro- 
muscular blocking effect in patients with renal failure who have been optimally prepared for surgery by dialysis. Under 
emergency conditions in anephric patients some prolongation of neuromuscular blockade may occur; therefore, if 
anephric patients cannot be prepared for non-elective surgery, a lower initial dose of Norcuron® should be considered. 
Altered Circulation Time: Conditions associated with slower circulation time in cardiovascular disease, old age, 
edematous states resulting in increased volume of distribution may contribute to a delay in onset time; therefore dosage 
should not be increased. lesa 
Hepatic Disease: Limited experience in patients with cirrhosis or cholestasis has revealed prolonged recovery time 
in keeping with the role the liver plays in Norcuron® metabolism and excretion (see Pharmacokinetics). Data currently 
available do not permit dosage recommendations in patients with impaired liver function. 

UNDER THE ABOVE CONDITIONS, USE OF A PERIPHERAL NERVE STIMULATOR FOR ADEQUATE MONITORING OF 
NEUROMUSCULAR BLOCKING EFFECT WILL PRECLUDE INADVERTANT EXCESS DOSING. 

Severe Obesity or Neuromuscular Disease: Patients with severe obesity or neuromuscular disease May pose 
airway and/or ventilatory problems requiring special care before, during and after the use of neuromuscular blocking 
agents such as Norcuron® EN 

alignant Hyperthermia: Many drugs used in anesthetic practice are suspected of being capable of triggering a 
potentially fatal hypermetabolism of skeletal muscle known as malignant hyperthermia. There are insufficient data 
derived from screening in susceptible animals (swine) to establish whether or not Norcuron® is capable of triggering 
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Drug Interactions: Prior administration of succinylcholine may enhance the neuromuscular blocking effect of 
Norcuron® (vecuronium bromide) injection and its duration of action. If succinylcholine is used before Norcuron®, the 
administration of Norcuron® should be delayed until the succinyicholine effect shows signs of wearing off. With 
succinylcholine as the intubating agent, initial doses of 0.04-0.06 mg/kg of Norcuron® may be administered to produce 
complete neuromuscular block with clinical duration of action of 25-30 minutes (see CLINICAL PHARMACOLOGY). The 
use of Norcuron® before succinylcholine, in order to attenuate some of the side effects of succinylcholine, has not been 
sufficiently studied. 

Other nondepolarizing neuromuscular blocking agents (pancuronium, d-tubocurarine, metocurine, and gallamine) 
act in the same fashion as does Norcuron®; therefore these drugs and Norcuron® may manifest an additive effect when 
used together There are insufficient data to support concomitant use of Norcuron® and other competitive muscle 
relaxants in the same patient. 
inhalational Anesthetics: Use of volatile inhalational anesthetics such as enflurane, isoflurane, and halothane with 
Norcuron® will enhance neuromuscular blockade. Potentiation is most prominent with use of enflurane and isoflurane. 
With the above agents the initial dose of Norcuron® may be the same as with balanced anesthesia unless the inhalational 
anesthetic has been administered for a sufficient time at a sufficient dose to have reached clinical equilibrium (see 
CLINICAL PHARMACOLOGY). 

Antibiotics: Parenteral/intraperitoneal administration of high doses of certain antibiotics may intensify or produce neuro- 
muscular block on their own. The following antibiotics have been associated with various degrees of paralysis: aminoglyco- 
sides (such as neomycin, streptomycin, kanamycin, gentamicin, and dihydrostreptomycin): tetracyclines; bacitracin; 
polymyxin B; colistin; and sodium colistimethate. If these or other newly introduced antibiotics are used in conjunction 
with Norcuron® during surgery, unexpected prolongation of neuromuscular block should be considered a possibility. 
Other: Experience concerning injection of quinidine during recovery from use of other muscle relaxants suggests that 
recurrent paralysis may occur. This possibility must also be considered for Norcuron®. Norcuron® induced 
neuromuscular blockade has been counteracted by alkalosis and enhanced by acidosis in experimental animats (cat). 
Electrolyte imbalance and diseases which lead to electrolyte imbalance, such as adrenal cortical insufficiency, have been 
shown to alter neuromuscular blockade. Depending on the nature of the imbalance, either enhancement or inhibition 
may be expected. Magnesium salts, administered for the management of toxemia of pregnancy, may enhance the 
neuromuscular blockade. 

Drug/Laboratory Test Interactions: None known. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term studies in animals have not been performed 
to evaluate carcinogenic or mutagenic potential or impairment of fertility. 

Pregnancy: Pregnancy Category C: Animal reproduction studies have not been conducted with Norcuron®. It is also 
not known whether Norcuron® can cause fetal harm when administered to a pregnant woman or can affect reproduction 
capacity. Norcuron® should be given to a pregnant woman only if clearly needed. 

Pediatric Use: Infants under 1 year of age but older than 7 weeks, also tested under halothane anesthesia, are 
moderately more sensitive to Norcuron® on a mg/kg basis than adults and take about 1v2 times as long to recover. 
Information presently available does not permit recommendations for usage in neonates. 

ADVERSE REACTIONS: Norcuron® was well-tolerated and produced no adverse reactions during extensive clinical 
trials. The most frequent adverse reaction to nondepolarizing blocking agents as a class consists of an extension of the 
drug's pharmacological action beyond the time period needed for surgery and anesthesia. This may vary from skeletal 
muscle weakness to profound and prolonged skeletal muscle paralysis resulting in respiratory insufficiency or apnea. 

Inadequate reversal of the neuromuscular blockade, although not yet reported, is possible with Norcuron® as with all 
curariform drugs. These adverse reactions are managed by manual or mechanical ventilation until recovery is judged 
adequate. Little or no increase in intensity of blockade or duration of action of Norcuron® is noted from the use of 
thiobarbiturates, narcotic analgesics, nitrous oxide, or droperidol. See OVERDOSAGE for discussion of other drugs 
used in anesthetic practice which also cause respiratory depression 
OVERDOSAGE: There has been no experience with Norcuron® overdosage. The possibility of iatrogenic overdosage 
can be minimized by carefully monitoring muscle twitch response to peripheral nerve stimulation. 

Excessive doses of Norcuron® can be expected to produce enhanced pharmacological effects. Residual 
neuromuscular blockade beyond the time period needed for surgery and anesthesia may occur with Norcuron® as with 
other neuromuscular blockers. This may be manifested by skeletal muscle weakness, decreased respiratory reserve, 
low tidal volume, or apnea. A peripheral nerve stimulator may be used to assess the degree 
of residual neuromuscular blockade and help to differentiate residual neuromuscular 
blockade from other causes of decreased respiratory reserve 

Respiratory depression may be due either wholly or in part to other drugs used during the 

conduct of general anesthesia such as narcotics, thiobarbiturates and other central nervous 
system depressants. Under such circumstances the primary treatment is maintenance of a 
patent airway and manual or mechanical ventilation until complete recovery of normal 
respiration is assured. Regonol® (pyridostigmine bromide injection), neostigmine, or 
edrophonium, in conjunction with atropine or ee will usually antagonize the 
skeletal muscle relaxant action of Norcuron®. Satisfactory reversal can be judged by 
adequacy of skeletal muscle tone and by adequacy of respiration. A peripheral nerve 
stimulator may also be used to monitor restoration of twitch height. Failure of prompt 
reversal (within 30 minutes) may occur in the presence of extreme debilitation, car- 
cinomatosis, and with concomitant use of certain broad spectrum antibiotics, or anesthetic 
agents and other drugs which enhance neuromuscular blockade or cause respiratory 
depression of their own. Under such circumstances the management is the same as that of 
prolonged neuromuscular blockade. Ventilation must be supported by artificial means until 
the patient has resumed contro! of his respiration. Prior to the use of reversal agents, 
reference should be made to the specific package insert of the reversal agent. 
DOSAGE AND ADMINISTRATION: Norcuron® (vecuronium bromide) injection is for intravenous use only. This 
drug should be administered by or under the supervision of experienced clinicians familiar with the use of 
neuromuscular blocking agents. Dosage must be individualized in each case. The dosage information which follows is 
derived from studies based upon units of drug per unit of body weight and is intended to serve as a guide only, 
especially regarding enhancement of neuromuscular blockade of Norcuron® by volatile anesthetics and by prior use of 
succinylcholine (see PRECAUTIONS/Drug Interactions). Parenteral drug products should be inspected visually for 
particulate matter and discoloration prior to administration, whenever solution and container permit. 

To obtain maximum clinical benefits of Norcuron® and to minimize the possibility of overdosage, the monitoring of 
muscle twitch response to peripheral nerve stimulation is advised 

The recommended initial dose of Norcuron® is 0.08 to 0.10 mg/kg (1.4 to 1.75 times the EDgo) given as an 
intravenous bolus injection. This dose can be expected to produce good or excellent non-emergency intubation 
conditions in 2.5 to 3.0 minutes after injection. Under balanced anesthesia, clinically required neuromuscular blockade 
lasts approximately 25-30 minutes, with recovery to 25% of control achieved approximately 25 to 40 minutes after 
injection and recovery to 95% of control achieved approximately 45-65 minutes after injection. In the presence of potent 
inhalation anesthetics, the neuromuscular blocking effect of Norcuron® is enhanced. If Norcuron® is first administered 
more than 5 minutes after the start of inhalation agent or when steady state has been achieved, the initial Norcuron® 
dose may be reduced by approximately 15%, i.e., 0.060 to 0.085 mg/kg. l 

Prior administration of succinylcholine may enhance the neuromuscular blocking effect and duration of action of 
Norcuron®. If intubation is performed using succinylcholine, a reduction of initial dose of Norcuron® to 0.04-0.06 
mg/kg with inhalation anesthesia and 0.05-0.06 mg/kg with balanced anesthesia may be required. 

During prolonged surgical procedures, maintenance doses of 0.010 to 0.015 mg/kg of Norcuron® are recommended; 
after the initial Norcuron® injection, the first maintenance dose will generally be required within 25 to 40 minutes. However, 
clinical criteria should be used to determine the need for maintenance doses. Since Norcuron® lacks clinically 
important cumulative effects, subsequent maintenance doses, if required, may be administered at relatively regular 
intervals for each patient, ranging approximately from 12 to 15 minutes under balanced anesthesia, slightly longer under 
inhalation agents. (If less frequent administration is desired, higher maintenance doses may be administered.) 

Should there be reason for the selection of larger doses in individual patients, initial doses ranging from 0.15 mg/kg 
up to 0.28 mg/kg have been administered during surgery under halothane anesthesia without ill effects to the 
cardiovascular system being noted as long as ventilation is properly maintained (see CLINICAL PHARMACOLOGY). 
Dosage in Children: Older children (10 to 17 years of age) have approximately the same dosage requirements 
(mg/kg) as adults and may be managed the same way. Younger children (1 to 10 years of age) may require a agin 
higher initial dose and may also require supplementation slightly more often than adults. Infants under one year of age 
but older than 7 weeks are moderately more sensitive to Norcuron® on a mg/kg basis than adults and take about 1⁄2 
times as long to recover. See also subsection of PRECAUTIONS titled Pediatric Use. Information presently available 
does not permit recommendation on usage in neonates (see PRECAUTIONS). 

COMPATIBILITY: Norcuron® is compatible in solution with: — 
0.9% NaCl solution 5% glucose in saline 
5% glucose in water ~ Lactated Ringer's 
HOW SUPPLIED: 5 mI vials (contains 10 mg of active ingredient) and 5 mi ampul of preservative-free sterile water for 
injection as the diluent. Boxes of 10 (NDC #0052-0442-17) ee 

5 ml vials (contains 10 mg of active ingredient) only. DILUENT (Sterile Water for Injection, USP) NOT SUPPLIED. 
Boxes of 10 (NDC #0052-0442-57) 

STORAGE: PROTECT FROM LIGHT. Store at 15°-30°C (59°-86°F). 

AFTER RECONSTITUTION: Solution may be stored in refrigerator or kept at room temperature not to exceed 30°C 
(86°F). DISCARD SOLUTION AFTER 24 HOURS. DISCARD UNUSED PORTION. SINGLE USE VIALS. 
Manufactured for ORGANON INC. by BEN VENUE LABORATORIES, INC., Bedford, OH 44146 ISSUED 5/86 
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Nicolet’s New Software Packages for Intraoperative Monitoring 
Specifically designed by a surgeon for use in the operating room 


Nicolet’s new Pathfinder software 
packages for intraoperative moni- 
toring of spinal cord and brain- 
stem function provide easier and 
faster evaluation of anesthetized 
patients. The unique design of 
these programs allows you to 
focus on data interpretation 
rather than instrument operation. 
Torun a program, you simply 
select the desired item from 
menus displayed on the color 
screen, after which all aspects of 
data acquisition and display are 
handled by the program. All 
acquired data is stored and plotted 
simultaneously with new data 
acquisition. 


Collect twice the data in half 


the time using these features: 


Œ Simultaneous acquisition of 
independent evoked potentials 
from both lower or upper 
extremities. 

Œ Simultaneous recording of 
somatosensory and brainstem 
auditory evoked potentials, 
using time bases and parameters 
appropriate to each modality. 

Œ Simultaneous recording of 
both upper and lower extrem- 
ity evoked potentials using 
parameters approriate to 
each extremity. 

Œ Automatic monitoring of facial 
nerve evoked potentials. 


In addition, the Nicolet 

Pathfinder also: 

Œ Updates averaged evoked 
potential information as rapidly 
as every 15 seconds depending 
upon modality. 

Œ Provides on-line real time 
estimate of the quality of data 
being obtained. 

@ Automatically alternates be- 
tween the collection of soma- 
tosensory evoked potential 
and processed EEG data. 


For more information about Nicolet’s 
New Pathfinder Software Packages or 
to schedule a demonstration, call 
TOLL FREE 1-800-356-0007 in 
the continental USA. In Wisconsin, 
Alaska and Hawaii call collect 
608-27 1-3333. 
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Every doctor needs to know the 
problems which can arise in 
(multiple) drug therapy for the 
elderly, not only to maximize the 
efficacy of treatment but also to 
minimize the risk of harmful 
adverse effects. Elderly people 
often take several drugs simulta- 
neously and are much more at risk 
of adverse drug reactions than the 
younger age groups. With the 
increasing use of drugs, adverse 
drug reactions in the elderly have 
become a modern epidemic. ‘Drug 
Induced Diseases in the Elderly’ 
seeks to give a comprehensive 
account of all side effects in the 
elderly, and their mechanisms, as 
reported in the world literature up 
to the fall of 1985. 


CONTENTS: Foreword by M. N. G. 
Dukes. 

1. Introduction. 

I. EPIDEMIOLOGY AND DIAGNOSIS 
OF ADVERSE DRUG REACTIONS IN 
THE ELDERLY. 

2. Epidemiology of adverse drug 
reactions in the elderly. 3. Diagnosis of 
adverse drug reactions in the elderly. 
I]. MECHANISMS OF ADVERSE DRUG 
REACTIONS IN THE ELDERLY. 

4. Classification of adverse drug 
reactions. 5. Compliance factors. 6. 
Pharmacokinetic factors. 7. Pharmaco- 
dynamic factors. 8. Interactive factors. 
9. Immunoallergic factors. 10. 
Conditioning factors. 11. Disease 
factors. 


I. MANAGEMENT AND PREVENTION 
OF ADVERSE DRUG REACTIONS IN 
THE ELDERLY. 

12. Management and prevention of 
adverse drug reactions in the elderly. 
IV. SYMPTOMS OF ADVERSE DRUG 
REACTIONS IN THE ELDERLY. 

13. Neuropsychiatric disorders. 14. 
Disorders of the special senses. 15. 
Gastrointestinal disorders. 16. Genito- 
urinary disorders. 17. Cardiovascular 
disorders. 18. Respiratory disorders. 19. 
Metabolic manifestations and endocrine 
disorders. 20. Haematological disorders. 
21. Bone and foint disorders. 22. Skin 
disorders. 

V. ADVERSE EEACTIONS TO 
INDIVIDUAL DRUGS AND DRUG 
GROUPS. 

23. Drugs used in anaesthesia. 24. 
Analgesics/antirheumatics. 25. Anti- 
convulsants. 26. Antihistamines. 27. 
Antihypertensive agents. 28. Antl- 
parkinsonian agents. 29. Antithrombotic 
agents. 30. Antithyroid agents. 31. 
Antidiabetic agents. 32. Antlarrhyth- 
mics/cardiac/antianginal agents. 33. 
Antimicrobials. 34. Contrast media. 35. 
Antineoplastic and immunosuppres- 
sant agents. 36. Diuretics. 37. Steroid 
hormones. 38. Gastrointestinal agents. 
39. Psychopharmacological agents. 

40. Periphoeral vasodilators. 41. Muscle 
relaxants. 42. Miscellaneous drugs. 
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Review on Volume 2: 


“The information in this text is 
presented in a manner friendly to the 
busy, non-specialist cortex. Any 
practitioner who sincerely wishes to 
poison his elderly patients less often 
would benefit from reading it and 
having it available for reference." 

—The Lancet 


Reviews on Volume 1: 


*... This book and ultimately the entire 
series should prove valuable to all 
physicians." 
—Gastroenterology 

*,.. A book that will be of great value to 
clinicians. It should be in every hospital 
pharmacy library and merits serlous 
consideration by any other medical 
library...” 

-British Medical Journal 


“This book contains all the information 
anyone would want on the adverse 
effects of drugs on the liver .... I expect 
its successors in the series will prove 
indispensable” 
-The Lancet 

‘This is the most comprehensive and up 
to date work currently avatlable on the 
subject, and I salute the authors" 

—European Journal of Hepatology 


ELSEVIER 


ELSEVIER SCIENCE PUBLISHERS 


P.O. Box 211, 1000 AE Amsterdam, The Netherlands 


ELSEVIER SCIENCE PUBLISHING CG. INC., P.O. Box 1663, Grand Central Station, New York, NY 10164-0028, U.S.A. 
The Dutch guilder price is definitive. US $ prices are subject to exchange rate fluctuations. Prices are excl. B.T.W. for Dutch customers. 


Distributor in the U.S.A. and Canada: 


g 
2 


This Publication 
is available in 


Microform. 





University Microfilms 
International 


Please send additional information 
for 
(name of publication) 
Name 
Institution 
A SEAE E SE S S 
City 
tate es ZI 
300 North Zeeb Road 


Dept. P.R. 
Ann Arbor, Mi. 48106 






"1824 ° 
JEFFERSON MEDICAL COLLEGE 
THOMAS JEFFERSON UNIVERSITY 
IN HISTORIC PHILADELPHIA 


THE DEPARTMENT OF OTOLARYNGOLOGY 
AND THE OFFICE OF 
CONTINUING MEDICAL EDUCATION 


present 


THE USE OF THE CO2 LASER 
FOR HEAD AND NECK SURGERY 


at Jefferson Medical College 
Philadelphia, PA. 


A two day workshop given on the following dates: 


May 29-30, 1987 
and 
October 9-10, 1987 


ANESTHESIOLOGISTS: 

@ limited to 28 participants 

è 8 credit hours in Category | 

è participation in Day 1 of each two day 
workshop 

è fee: $300.00 


OTOLARYNGOLOGISTS: 

@ limited to 12 participants 

e 16 credit hours in Category | 

è participation in Day | and Day Il, including four 
(4) hours of laboratory exercises. 

è fee: $850.00 

































Registration fee includes course syllabus, 
continental breakfasts, coffee breaks, luncheons 
and an evening banquet. 











For information regarding registration call: 
Office of Continuing Medical Education 
(215) 928-6992 











For information regarding course content call: 
LOUIS D. LOWRY, M.D., PROGRAM DIRECTOR 
STEVEN R. CHESNICK, M.D., CO-DIRECTOR 
AT (215) 928-6784 
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True, it’s just one small reason to 


choose Ohmeda for your oximetry needs. 
So we'll give you 10 million more. 


That’s actually less than the number of patients for 
whom health care professionals, hospitals, and clinics 
have chosen Ohmeda oximetry for safe, accurate 
oxygenation monitoring. That’s more than 15 million 
monitoring hours by Ohmeda pulse oximeters. From 


neonatal to geriatric patients, critical care to home care. 


While that kind of experience is reason enough to go 
with the world leader in noninvasive pulse oximetery, 
Ohmeda gives you several reasons more. 


Due care for your patients. 
At Ohmeda we've always felt the best patient care 
possible meant our pulse oximeters should give you 
not just data, but useful information about that data. 
So our compact Ohmeda Biox 3700 pulse oximeter 
provides far more than SaO, and pulse rate readouts. 
It also gives you trend memory to assess oxygenation 
patterns over time. Waveform display to verify the 
reliability of SaO, measurements. A full array of 
cost-effective probes. 

Our SaO,, trend memory, and waveform display were 
world firsts. Other companies have attempted to 
follow our lead. They haven't followed far enough. 
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Ohmeda 


Due care for you. 

Your choice in oximetry starts with patient care, but 

it depends on your needs and your hospital's needs, 
too. That’s why we offer a full line of monitors, as well 
as other state of the art medical equipment. Complete 
systems—from anesthesia delivery and ventilation 

to infant warmers. In critical care, respiratory care, 
anesthesiology, and neonatal intensive care. 


And we back you up with a strong reliability record 
and the on-site service and follow-up support of more 
than 200 factory-trained service representatives. 
That’s one of the largest dedicated service 
organizations in critical care and life supports». - 

Due care for your patients, and due care for 
Two of the best reasons to choose Oh 
Not to mention ten million more. 


For more information about 
Ohmeda oximetry call us 
toll-free, or write. 















Ohmeda oximetry. 
Right from the start. 
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For neonatal to geriatric patients in critical care, anesthesia delivery, and neonatal intensive care—the Ohmeda Biox 3700. 
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4765 Walnut Street Boulder CO 80301 USA 
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Selective Increase in Cytoplasmic Calcium by Anesthetic in 
Lymphocytes from Malignant Hyperthermia-Susceptible Pigs 


Amira Klip, PhD, Toolsie Ramlal, Bs, Denise Walker, Bs, Beverly A. Britt, MD, FRCCP, and 


M. Esther Elliott, MD 





KLIP A, RAMLAL T, WALKER D, BRITT BA, 

ELLIOTT ME. Selective increase in cytoplasmic calcium by 
anesthetic in lymphocytes from malignant hyperthermia- 
susceptible pigs. Anesth Analg 1987;66:381-5. 


Anesthetic-induced malignant hyperthermia in pigs and hu- 
mans is characterized by muscle rigidity and rapid, often 
fatal, increases in body temperature. A defect in Ca?* ho- 
meostasis has been suspected as underlying the disease, based 
on the preventive effect of dantrolene sodium, an agent 
thought to reduce Ca’* levels in the cytoplasm. We describe 
here direct measurements of cytoplasmic ionized Ca?* levels 
in lymphocytes from seven normal and 12 malignant hy- 
perthermia-susceptible pigs, using the fluorescent indicator 
quin2. No differences in the concentration of cytoplasmic 
ionized Ca°* were found in cells from malignant hyper- 
thermia-susceptible pigs (160 + 10 nM) relative to the 


controls (150 + 10 nM). However, addition of halothane 
in vitro caused a significant increase (to 270 + 30 nM) in 
lymphocytes from malignant hyperthermia-susceptible pigs, 
but not from normal pigs (180 + 10 nM). The halothane- 
mediated increase in cytoplasmic ionized Ca** required ex- 
tracellular Ca°*. It is suggested that general anesthetics 
such as halothane increase the permeability of the cell surface 
to Ca** , and that this increase may, on its own or indirectly, 
increase the cytoplasmic level of ionized Ca? * during a ma- 
lignant hyperthermia crisis. The detection of a halothane- 
dependent increase in cytoplasmic ionized Ca°* selectively 
in malignant hyperthermia-susceptible pigs could be the ba- 
sis for a noninvasive test for malignant hyperthermia. 


Key Words: HYPERTHERMIA—malignant. IONS— 
calcium. 





Malignant hyperthermia (MH), caused in humans and 
several animal species by volatile anesthetics or de- 
polarizing muscle relaxants, is marked by muscle ri- 
gidity, high fever, and a cascade of metabolic and 
electrolyte alterations that can lead to a fatal outcome 
(1-4). In susceptible humans and pigs, the MH crisis 
can be prevented by administration of the muscle 
relaxant dantrolene (5-7), which is believed to act 
by interfering with some step in the excitation- 
contraction pathway. It is thought that in isolated 
muscle fibers, dantrolene prevents the release of Ca?* 
from the sarcoplasmic reticulum into the cytoplasm 
(although the exact mechanism whereby dantrolene 
exerts its therapeutic action in MH remains unknown) 
(8,9). Therefore, a role for Ca** has been suggested 
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Abbreviations Used in the Text 


[Ca**], Concentration of cytoplasmic ionized calcium 

quin2/AM Acetoxymethyl ester of quin2 

MH Malignant hyperthermia 

HEPES 4-(-2-hydroxythyl)-1-piperazineethanesulfonic 
acid 

EGTA [ethylenebis(oxyethylenenitrilo) ]tetraacetic 
acid 





in the generation of the MH crisis (1-4,10). Using 
intracellular Ca** selective microelectrodes, Lopez et 
al. (11) recently reported that in the exposed peroneus 
longus muscle, the resting intracellular concentration 
of free Ca**, [Ca** ];, was higher in an MH-susceptible 
pig than in a normal one. Halothane further increased 
[Ca?* ]; (12). Unfortunately, the microelectrode tech- 
nique is restricted to large cells that can be impaled 
with both a voltage and a Ca** microelectrode. A 
muscle biopsy or an exposed intact muscle is required 
for this procedure. Moreover, in the above experi- 
ments (11,12), different fibers were generally impaled 
with the two types of electrodes (11), making it dif- 
ficult to establish the exact value of [Ca?* ]j. 
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Table 1. Response of Pig Muscle Fascicles to Halothane and Caffeine 


Normal pigs | 
Hal. contracture* CSC? CSCH* 
Pig no.  &) (mM) (mM) 
448 0 10 >2.0 
453 0 >32 13.7 
454 0 >32 3.7 
475 0 13.3 (3.7 
490 0 16 2.0 
491 0 25 >4.0 
492 0 13.5 1.7 


Malignant hyperthermia-susceptible pigs 


Pig Hal. contracture” CSC CSCH* 
no. (g) (mM) (mM) 
451 0.25 3.3 0.29 
452 0.1 3.1 0.49 
457 0.45 1.4 0.14 
458 0.2 4.2 0.64 
459 0.4 2.8 0.21 
481 0.4 4.1 0.25 
482 0.1 3.4 0.16 
483 0.25 4.8 0.69 
484 0.55 2.5 0.14 
487 0.2 2.6 0.31 
493 0.2 4.8 1.0 ` 
496 0.35 2.0 0.25 


‘Hal. contractures = contractures (g) observed in the presence of[/1% halothane (1% in Q2:CO, 95:5). 
ICSC = caffeine specific concentration, i.e., concentration of cafféine {in mM) in the absence of halothane at which a contracture of 1.0 g is observed. 
‘CSCH = caffeine specific concentration in the presence of halothane, i.e., concentration of caffeine (in mM) in the presence of 1% halothane at which 


a contracture of 1.0 g is observed. | 


Lately it has become possible to determine [Ca2* 1 


in cells of any size by the procedure described by 
Tsien et al. (13), which involves the use of fluorescent 


Ca** chelators such as quin2. This molecule is gen- 


erated in the cytoplasm by hydrolysis of the precursor 
quin2 acetoxymethy] ester (quin2/AM) through action 
of cytosolic esterases. Quin2, being negatively charged, 
is unable to leave the cytoplasm, where its fluores- 
cence increases as a function of the concentration of 
Ca?*. By this procedure, [Ca?*]; has been determined 
in a number of cells, including lymphocytes, platelets, 
and muscle cells in culture (14-17). Using isolated 
peripheral blood lymphocytes from normal and MH- 
susceptible pigs, we report here the effect of halo- 
thane on [Ca**], measured by the fluorescence of quin2. 
We have presented a preliminary account of these 
results (J Gen Physiol 1986;88:33a). ! 
| 
Experimental Procedures ! 


Normal and MH-susceptible Pietrain/Poland China pigs 
were obtained from Hanley’s Farm, Ontario. Suscep- 
tibility to MH was determined by the halothane-caf- 
feine contracture test (18). Normal pigs selected for 
this study were those whose muscle fascicles did not 
show contractures upon exposure to 1% halothane, 
and required >8.3 mM caffeine in the absence of! halo- 
thane, and >1.2 mM caffeine in the presence of 1% 
halothane, to develop a 1.0 g contracture. The! MH- 
susceptible pigs selected for this study were those 
whose muscle fascicles showed contractures with 1% 
halothane, and required <8.3 mM caffeine alone, or 
<1.2.mM caffeine in the presence of 1% halothane, 


to produce a 1.0 g contracture (18). The individual 
results are shown in Table 1. 

[Ca**], was determined fluorimetrically by the 
method of Tsien et al. (13) as described earlier (16,17). 
Peripheral blood lymphocytes were isolated as de- 
scribed by Elliott (19) and resuspended in 1 ml of 
bicarbonate-free RPMI-1640 culture medium contain- 
ing 20 mM HEPES pH 7.4 (HEPES-RPMI). The cells 
were incubated with quin2/AM (1 ul of a 10-mM stock 
solution of quin2/AM in dimethyl sulfoxide was added 
per ml cell suspension, to give a final concentration 
of 10 uM) for 30 min at 37°C, washed twice by cen- 
trifugation in HEPES-RPMI, and resuspended in 0.2 
ml of the same medium. (The stock solution of 
quin2/AM was kept at —20°C and wrapped in foil to 
protect it from light.) 

Aliquots of 20 yl (approximately 5 x 10° cells) were 
used for the determination of [Ca**]; by addition into 
1.5 ml of 120 mM NaCl, 0.5 mM EGTA, 3 mM KCI, 
10 mM D-glucose, 20 mM HEPES-Na pH 7.3. Fluo- 
rescence was recorded in a 650-40 Perkin-Elmer spec- 
trofluorometer (Norwalk, Conn.) at 339 nm of exci- 
tation (with a 3-nm slit width) and 485 nm emission 
(with a 15-nm slit width). These wavelengths were 
found to be the maxima for excitation and emission 
in the conditions of this study. Thorough mixing was 
achieved by magnetic stirring. The fluorescence read- 
ings (F) were calibrated after addition of 1.5 mM CaCl, 
by permeabilization to Ca?* with 0.5 uM of the Ca** 
ionophore ionomycin (“T”) (yielding the maximum 
fluorescence Fmax). Under these conditions, Ca** flows ` 


-into the cell down its concentration gradient. This 


addition was followed by displacement of Ca?* with 
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A Normal, +Caet 


minations of cytoplasmic ionized Ca** in H 


Figure 1. Fluorescence tracings of deter- 


lymphocytes from a normal pig (A)anda 2 

malignant hyperthermia-susceptible pig = 200 | 
(B,C). CaCl, (1.5 mM) was added in Aand —> 

B but not in C. Halothane (4 ul/ml) was gj | 

added at “H” with a Hamilton microsyr- 


inge. 


3 mM MnCl, (“Mn”) (yielding Fan). Free cytoplasmic 
calcium was calculated from the equation: [Ca**], = 
115(F — Fuinv(Fmax — F), where Fain = 1/6(Fmax ~ 
Fun) + Fen (14,15). It must be stated that measure- 
ments of [Ca?*], with quin2 are calculated based on 
the dissociation constant (Kp) of the quin2/Ca** com- 
plex (115 nM). This value was calculated by Tsien et 
al. (13) and corroborated by us, using synthetic so- 
lutions that mimic—but do not exactly reproduce— 
the cytoplasmic milieu. Thus, in view of the possible 
effects of the particular ionic composition of the cy- 
toplasm, and of the presence of organic substances 
that may alter the cytoplasmic dielectric constant, the 
value of Kp used in this (and all other studies with 
quin2) is only an approximation. Therefore, values of 
[Ca**]; have been rounded off to the nearest second 
digit. In spite of the above caveat, the fluorescence of 
quin2 in the cytoplasm is proportional to [Ca**];. 
Moreover, changes in [Ca**], are reliably detected by 
dyes such as quin2 (13-15). 


Results 


Figure 1A shows a typical fluorescence tracing of [Ca?*]; 
in lymphocytes from a normal pig. In the experiment 
illustrated, [Ca**], was 125 nM in the presence of 1 
mM (final concentration) extracellular Ca*+. Addition 


. of halothane (4 ul/ml) did not change the level of 


[Ca**],; appreciably. Figure 1B shows a typical fluo- 
rescence tracing of [Ca**]; in lymphocvtes from an 
MH-susceptible pig. In the presence of 1 mM extra- 
cellular Ca?*, the level of [Ca**], was 110 nM. In 
contrast to the observation with cells from the normal 
pig, addition of halothane (4 ul/ml) increased [Ca?*], 
in lymphocytes from the MH-susceptible pig to a value 
of 165 nM. The increase was not observed in the ab- 
sence of extracellular Ca** (Fig. 1C). These data sug- 
gest that halothane increases [Ca**], by increasing the 
permeability of the plasma membrane to the cation. 

Table 2 shows the individual results, as well as the 
averages, of measurements of [Ca?*], in lymphocytes 
from seven normal and 12 MH-susceptible pigs. The 
results indicate that with 4 ul/ml halothane, [Ca**]; 
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B MHS, +Ca¢t C MHS, -Ca2+ 


H H 


le 


increased significantly only in the MH-susceptible 
group. The dose of halothane used in this study (4 
ul/ml or 38 mM) did not affect cell viability in either 
quin2 loaded or unloaded cells, determined by exclu- 
sion of trypan blue and by retention of lactic dehy- 
drogenase. This concentration of halothane is sever- 
alfold higher than the pharmacological doses of 
anesthetic. A halothane concentration of 3.34 mM has 
been detected in the brain of halothane-anesthetized 
rats (20). We have recently observed that with lower 
concentrations of halothane (1 mM final, added in 
dimethyl sulfoxide), [Ca**], was again increased in 
lymphocytes from MH-susceptible pigs but not from 
normal pigs (not shown). Dimethyl sulfoxide itself 
was without effect in either group. 


Discussion 

The advantages of determining [Ca**]; with fluores- 
cent dyes such as quin2 over Ca**-microelectrodes 
have been stated repeatedly in the past two years, 
and consist primarily of being able to report [Ca**], 
in cells of any size, to be confined to the cytoplasm, 
and, under conditions such as those used in this study, 
to cause minimal damage to the cells (13,17,21-23). 
Indeed, in control experiments we found that the vi- 
ability of quin2 loaded cells was not different from 
that of unloaded cells, in either the presence or ab- 
sence of halothane. 

The results of this study indicate that: 


1. The basal level of [Ca**]; was equal in peripheral 
blood lymphocytes from normal and MH-suscep- 
tible pigs. 

2. Halothane selectively enhanced [Ca?*]; in cells from 
MH-susceptible pigs but not from normal pigs. The 
increase measured may be an underestimate of the 
absolute increase that takes place, if a limited amount 
of Ca?* enters the cell under halothane, since quin2 
can buffer intracellular Ca** (24,25). We have also 
observed large increases in [Ca?* ], in indo-1 loaded 
lymphocytes from MH-susceptible (but not con- 
trol) pigs (Klip et al., unpublished). Indo-1 is a 
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Table 2. Effect of Halothane on Lymphocyte Cytoplasmic Free Calcium Concentration 


Normal pigs 





Cytoplasmic free calcium (nM) 





Pig no. — Halothane + Halothane A 
448 130 (2) 160 (2) 30 (2) 
453 130 (2) 150 (2) 20 (2) 
454 100 (2) 140 (2) 40 (2) 
475 190 230 40 
490 160 + 20 (6) 160 + 40 (4) 0 (4) 
491 210 + 40 (5) 240 + 40 (5) 30 (5) 
492 160 + 15 (6) 200 + 30 (4) 40 (4) 

Average: — Halothane + Halothane 
150 + 10 (7) 180 + 10 (7) 


Malignant hyperthermia-susceptible pigs 


Cytoplasmic free calcium (nM) 





Pig no. — Halothane + Halothane A 
451 120 + 20 (4) 210 80 
452 180 (2) 250 (2) 70 (2) 
457 160 (2) 310 150 
458 180 + 40 (3) 280 (2) 90 (2) 
459 180 (2) 280 (2) 100 (2) 
481 160 + 8 (3) 230 (2) 70 (2) 
482 190 + 60 (6) 280 + 90 (5) 90 (5) 
483 220 + 50 (3) 360 (2) 120 (2) 
484 190 + 20 (6) 320 + 50 (3) 140 (3) 
487 100 + 10 (5) 140 (2) 50 (2) 
493 160 + 20 (12) 490 + 120 (5) 370 (5) 
496 80 + 10 (4) 130 (2) 60 (2) 

Average: — Halothane + Halothane 


160 + 10 (12)’ 2/0 + 30 {127 


eee 
Cytoplasmic ionized Ca?* was determined in quin2-loaded lymphocytes suspended in isotonic saline solution containing 1 mM CaCl. When present, 4 
l/ml halothane was added and calcium levels were determined immediately after. Results are the mean + sem of (n) determinations in single blood samples, 
except for the averages, in which n = number of pigs. A represents the mean difference in cytoplasmic free Ca?* without and with halothane in each sample 
(using only those determinations in which halothane was tested; hence A is not the algebraic difference of all data without and with halothane). 
Student t = test, two tail: °P > 0.05 for N, + vs — halothane. !P > 0.05 for MH vs N, — halothane. ‘P (not paired) < 0.02 for MH vs N, + halothane; 


P (paired) < 0.001 for + vs — halothane. 


fluorescent Ca** indicator that is used at lower 
intracellular concentrations and, therefore, has a 
lower chelating effect on cytoplasmic Ca?* (24). 

3. Extracellular Ca** was the source for the increase 
in [Ca**];, but we cannot differentiate at present 
as to whether the entry of extracellular Ca** per 
se explains the total increase in [Ca*~ ]; or whether 
it would only be the trigger for further release of 
Ca** from intracellular stores. 


In muscle, both the muscle plasma membrane 
(26-28) and the sarcoplasmic reticulum (29) have been 
suggested as possible sites of action of halothane in 
the triggering of the MH crisis. Whereas one cannot 
infer that the lymphocyte is a model of the muscle, 
it is possible that similar mechanisms operate in these 
and other cells that result in the regulation of [Ca?* ]j. 
In this regard, it is interesting to note that macro- 
phages possess a caffeine-sensitive, Ca* * -induced Ca? * 
release mechanism very similar to that of the sarco- 
plasmic reticulum of skeletal muscle (30). 

As stated above, Lopez et al. have reported that 
the resting [Ca**]; is higher in skeletal muscle fibers 
of MH-susceptible pigs than of normal pigs (11), but 
still below the threshold level that induces contrac- 
tion. This observation is in contrast with the results 
reported here with pig lymphocytes (in which the 
resting levels of normal and MH-susceptible pigs were 
indistinguishable), and the basis for the difference 
remains to be established when the two techniques 


used to determine [Ca*']; are compared directly. 
However, in skeletal muscle fibers of MH-susceptible 
pigs, halothane further increased [Ca**], (12), in 
agreement with the reports in the present study. Given 
that a sustained increase in [Ca?* ]; can induce muscle 
contracture and rigor, it is tempting to speculate that, 
in analogy to what occurs in lymphocytes, the pri- 
mary action of halothane in muscle of MH-susceptible 
individuals could be to increase the permeability of 
the cell surface to Ca**. The increase in [Ca?* ]; could 
directly, or through Ca? * -induced Ca’* release, cause 
a further increase in [Ca** ];, leading to increased ri- 
gidity and consequent heat production. Moreover, it 
is possible to suggest that peripheral blood lympho- 
cytes could be used in the future to establish a rela- 
tively noninvasive assay to determine susceptibility 
to MH, based on the increase in [Ca**]; caused by 
halothane in vitro. 


The encouragement and advice of Dr. I. C. Radde are greatly ap- 
preciated. 
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Transesophageal Doppler color flow mapping (TEDCFM) 
is a new ultrasound modality now being developed. It pro- 
vides a convenient, noninvasive way to image cardiac anat- 
omy and intracardiac blood flow that is applicable to intra- 
operative use. We describe its use in one normal subject and 
seven cardiac surgical patients. Blood flow characteristics 
as visualized by TEDCFM are described for these patients. 
Transesophageal Doppler color flow mapping provided spe- 


cific information about the presence, site, and severity of 
mitral regurgitation, aortic regurgitation, and interatrial 
shunting. Paravalvular leak was detected in one patient after 
mitral valve replacement. The intimal tear of a type I aortic 
dissection was located with positive identification of the true 
and false lumina. A high incidence of mild asymptomatic 
mitral regurgitation was found in patients undergoing coro- 
nary artery bypass grafting (CABG). 


Key Words: HEART—function. MEASUREMENT 
TECHNIQUE—transesophageal color flow mapping. 





Transesophageal two-dimensional echocardiography 
and Doppler echocardiography are ultrasound tech- 
niques presently used by anesthesiologists. Trans- 
esophageal Doppler color flow mapping puts these two 
technologies together to provide new diagnostic infor- 
mation that willimprove our understanding of intracar- 
diac blood flow in physiologic and pathophysiologic 
states. There is rich clinical potential for such informa- 
tion in anesthesiology, where hemodynamic manage- 
ment can be crucial to optimize forward blood flow, and 
where patients with various cardiac disorders are anes- 
thetized for corrective surgery. Flow characteristics as- 
sociated with valve stenosis and incompetence and 
complex cardiac defects and their surgical corrections can 
now be evaluated intraoperatively. Such timely infor- 
mation may enable the surgeon to better judge the effi- 
cacy of the operation performed and may assist the anes- 
thesiologist in his physiologic and pharmacologic 
interventions, thus resulting in better and more eco- 
nomical patient care. 
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Theoretical Basis for Color Flow Mapping 


Moving red blood cells have the ability to ‘“backscat- 
ter” ultrasound waves. Blood flow, therefore, can be 
observed by the reflection of ultrasound from the cells 
in blood. Velocity and direction of flow relative to a 
stationary transducer derives from the principle that 
an ultrasound wave of known frequency striking a 
moving red blood cell is reflected back at an altered 
frequency depending on the velocity of the red cell 
(Doppler principle) (1). 

Before the development of color flow mapping, 
Doppler blood flow information could be derived from 
only one area at a time; the echocardiographer di- 
rected a pulse of ultrasound to a specific point in the 
heart (sample volume) that could then be character- 
ized for velocity and direction of flow. Mapping of all 
the blood flow in the heart required that multiple 
sampling points be interrogated sequentially. Also, 
Doppler information was presented as an audible sig- 
nal, or as a printed time-interval histogram. 

With Doppler color flow mapping, pulses of ultra- 
sound are directed into and received back from mul- 
tiple sampling points along several lines of sight within 
the sector arc of a two-dimensional echocardiographic 
image (see Fig. 1). The entire image can be scanned 
in 66 msec or less, with the blood flow at each point 
being indicated by a color. As shown by the color 
notation at the top right corner of Figure 1, blood 
flowing away from the transducer is shown in blue, 


TRANSESOPHAGEAL COLOR FLOW MAPPING 


and flow towards the transducer appears red. It fol- 
lows that if the ultrasound beam emitted by a trans- 
ducer strikes blood flowing at right angles to it, the 
Doppler shift will be negligible and the net blood flow 
cannot be measured. The magnitude of flow velocity 
is indicated by the brightness of color; turbulence, 
representing varying velocities of blood within a sam- 
ple volume, appears as a mosaic pattern of color. Thus, 
the blood flow is characterized according to its direc- 
tion, magnitude, velocity, and turbulence by a color 
map, presented in real time directly on the two-di- 
mensional cardiac image (2). 

The same ultrasound transducer is used simulta- 
neously for imaging and Doppler. Reflected ultra- 
sound waves are separated electronically into two parts; 
high amplitude components reflected from cardiac 
structures provide the two-dimensional cardiac image 
and low amplitude waves from moving red blood cells 
provide blood flow information. Cardiac structures 
are displayed in a monochrome mode whereas blood 
flow velocity is presented in color. 


Color Reversal or Aliasing 


The maximum blood flow velocity that can be mea- 
sured by pulsed Doppler techniques is limited by the 
pulse repetition frequency (PRF) of the system. Ve- 
locities exceeding the Nyquist limit (2 PRF) are dis- 
torted and appear as color reversal. Thus blue areas 
may develop a central zone of red and red areas may 
develop a central zone of blue. This frequency aliasing 
represents a potential source of error in interpretation 
of Doppler flow information (2), but also serves to 
highlight very high velocity jets of blood flow asso- 
ciated with pathologic lesions. 


Methods 


A prototype Hewlett-Packard TEDCFM transducer was 
used. Measuring 9 x 5 mm, this phased array trans- 
ducer is no larger than similar conventional trans- 
esophageal transducers but contains 64 elements, op- 
erating at 5 MHz, which provides a higher resolution 
image than previously available. Flexibility of the en- 
doscope and the technique for insertion into the 
esophagus is unchanged. The transducer cable is con- 
nected to a standard Hewlett-Packard echocardi- 
ograph (77020 AC) incorporating a color imaging 
module. Standard black and white images are dis- 
played on the video screen with a 90° sector arc. The 
sector arc may be narrowed to provide a higher real- 
time frame rate. 

This TEDCFM transducer was used in nine subjects 
including one awake normal volunteer and eight 
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anesthetized patients undergoing cardiac surgery for 
various disorders: excision of left atrial myxoma (one 
patient); excision of right atrial thrombus (one pa- 
tient); aortic valve replacement (one patient); mitral 
valve replacement (one patient); Bentall procedure (one 
patient); coronary artery bypass grafting (three pa- 
tients). 

In the awake subject, held fasting for 8 hr prior to 
the study, 0.5% tetracaine was sprayed into the oro- 
pharynx to facilitate passage of the endoscope. No 
sedation was necessary. In the anesthetized patients 
the endoscope was inserted after tracheal intubation, 
using a small amount of lubricating gel. The endo- 
scope was advanced into the esophagus to record 
short and long axis images as appropriate to define 
the anatomy and blood flow characteristics. 


Results 
Technical Aspects 


The endoscope was inserted without difficulty in all 
subjects. Image quality was excellent in each subject. 
On the black and white display, resolution was suf- 
ficient in all patients to define the small blood vessels, 
e.g., the left main coronary artery and its bifurcations 
into the circumflex and left anterior descending cor- 
onaries, the great cardiac vein, and the pulmonary 
veins. Definition of papillary muscles, chordae ten- 
dineae, endocardium and epicardium was markedly 
superior to other transesophageal images that we have 


seen. 


Color Imaging 


Color imaging in the short axis, where the general 
direction of blood flow is at right angles to the ultra- 
sound beam, revealed little color data. In the long axis 
image, however, where blood flow is predominantly 
in a direction parallel to the ultrasound beam, there 
was significantly more color data. 


1. Normal flow (1 subject). In the long axis view, with 
the transducer positioned posterior to the left atrium 
and directed caudad towards the cardiac apex, blood 
flow appeared as follows: During rapid filling of 
the left ventricle in early diastole, the left atrium 
and ventricle were filled with blue except for the 
left ventricular outflow tract appearing red and a 
central zone of red between the mitral valve leaf- 
lets. During systole, the left ventricle appeared red 
with some mixing of red and blue in the outflow 
tract. The left atrium remained blue or became col- 
orless. 





Figure 1. Doppler color flow mapping (left) and schematic diagram (right) of long axis view illustrating normal blood flow during diastole. 
Abbreviations: LA, left atrium; LVI, left ventricular inflow; LVOT, left ventricular outflow tract; AML, anterior mitral leaflet. 





Regurgitant jet 





Figure 2. Doppler color flow mapping (left) and schematic diagram (right) of mitral regurgitation. Long axis view during systole. Turbulent 
maare e. Opp $ 8 ee pene oe 8 ji Ae brane | 
flow at the mitral valve orifice appears as a mosaic of color, indicated by cross-hatching on the line drawing. Abbreviations: LA, left 
atrium; LV, left ventricle; PML, posterior mitral leaflet; AML, anterior mitral leaflet. 
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intimal tear Aortic root 





Figure 3. Doppler color flow mapping (left) and schematic diagram (right) of aortic dissection, Type I. Short axis view across dilated aortic 
root. Turbulent flow occupies the true lumen (TL) escaping into the false lumen (FL) via the intimal tear. LA, left atrium; LVOT, left 
ventricular outflow tract. 


TRANSESOPHAGEAL COLOR FLOW MAPPING 


2. Aortic stenosis (1 subject); During systole both long 
and short axis views across the aortic valve re- 
vealed a mosaic pattern of color indicating turbu- 
lent flow at the valve and in the aortic root. This 

was replaced in diastole by faint red and blue, 
probably representing lower velocity eddy cur- 
rents. a 

3. Aortic regurgitation (2 subjects). In a long axis view, 
the left ventricular outflow tract and aortic root 
appeared red in systole. During diastole a mosaic 
of color extended from the aorta back into the left 
ventricle as far as the apex, representing turbulent 
regurgitant flow. 

4. Mitral stenosis (1 subject). In the long axis view, 
diastolic flow through the valve appeared as a mo- 
saic of color representing turbulent flow through 
the stenotic valve. The left ventricular cavity ap- 
peared blue. 

5. Mitral regurgitation (6 subjects) (Fig. 2). In the long 
axis view, a flame of red and yellow color appeared 
in the left atrium at the onset of systole. The flame 
appeared to arise at the valve annulus and occa- 
sionally had a mosaic center. In one case a small 
red flame appeared after mitral valve replacement 
at the lateral edge of the prosthetic valve. 

6. Aortic dissection, type I (1 subject) (Fig. 3). Short 
axis views across the dilated root of the aorta re- 
vealed a brilliant mosaic of color filling the true 
lumen during systole. Faint patches of blue and 
red were seen occasionally in the false lumen. The 
passage of color from the true lumen to the false 
lumen through a small defect in the intimal flap 
seen on the monochrome image confirmed the en- 
trance site of the intimal tear. 

7. Atrial tumors (2 patients). Definition of both a right 
atrial thrombus and a left atrial myxoma was ex- 
cellent on monochrome images. Blood flow around 
these atrial tumors was indicated by dull blue and 
red colors during diastole. After resection of the 
left atrial myxoma and placement of a pericardial 
patch graft to the interatrial septum a small red 
“flame” appeared in the left atrium originating from 
the septum cephalad to the coronary sinus. This 
suggested a small right-to-left shunt at the suture 
line. 


Discussion 


Clinical use of TEDCFM has not previously been re- 
ported. A prototype system designed for simulta- 
neous blood flow and two-dimensional cardiac im- 
aging was developed with a transthoracic transducer 
in 1982 (3-5). More recently, Miyatake et al. (6) have 
described the use of transthoracic DCFM in 20 healthy 
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subjects and 100 cardiac patients. They provided a 
detailed description of mitral inflow and aortic ejec- 
tion as well as regurgitant flow. Intraoperative color 
flow mapping has also been reported, by Takamoto 
et al. (7), using a sterile on-the-heart transducer. In 
their study of 33 patients with valvular disease, con- 
genital heart disease, and vascular disease, DCFM 
was useful in evaluating the competence of prosthetic 
valves, the magnitude of interatrial shunt flow after 
balloon atrial septostomy, and in defining the extent 
of dissecting aortic aneurysms. Switzer and Nanda 
(8) have found that various maneuvers or drugs can 
dramatically exaggerate flow disturbances and en- 
hance the diagnostic sensitivity of color flow map- 
ping. Thus, DCFM has been established as a sensitive 
technique for the assessment of blood flow in both 
surgical and nonsurgical patients. 

The incorporation of DCFM in a transesophageal 
imaging system facilitates its use in the operating room 
for the intraoperative evaluation of anatomic lesions 
and surgical repairs; it also becomes available to the 
anesthesiologist to guide hemodynamic manage- 
ment. For example, the effects of vasoactive drugs on 
valvular regurgitation or intracardiac shunting can be 
seen instantaneously. This will be particularly helpful 
in the patient with congenital heart disease. Our ini- 
tial experience with this technique suggests that it will 
be relatively easy to learn, although a number of val- 
idation studies need to be done. In particular, quan- 
titative evaluations of flow are needed. Several in- 
vestigators (6,8) have noted that the linear dimensions 
of regurgitant flow, for example, generally correlated 
with the severity of regurgitation by cineangiography. 
In our own experience, several patients, including the 
three patients undergoing CABG, showed some de- 
gree of mitral regurgitation; this may not always be 
clinically significant. It has previously been reported 
that regurgitation through a 1-mm orifice can be de- 
tected by DCFM (8). In addition, the technique allows 
the spatial orientation of flow to be determined. In 
two patients we observed evidence of blood flow orig- 
inating from the site of surgical repair: in one patient 
this suggested a paravalvular leak at the mitral valve 
annulus and in another patient repair of the interatrial 
septum was followed by the development of a small 
right-to-left shunt. 

Small leaks along suture lines may prove to be fre- 
quent occurrences detectable by DCFM but of little 
clinical significance. However, with experience, sur- 
gically unacceptable repairs may be identified and cor- 
rected promptly, to the benefit of the patient. 

The phenomenon of color reversal or frequency 
aliasing may confuse the color display. Further tech- 
nical refinements can be expected to reduce the prob- 


390 ANESTH ANALG 
1987;66:386-90 


lem of aliasing. Because color is derived from the di- 
rection and velocity of blood flow relative to the 
transducer, it should be emphasized that normal and 
abnormal flow must be described in relation to a spe- 
cific two-dimensional view; imaging in the opposite 
direction would result in an exactly opposite color 
display. We have also noted that color signals may 
be derived from slow-moving cardiac structures, such 
as the tricuspid valve at end diastole moving towards 
the transducer. With experience the linear color signal 
following the valve can be distinguished as a “ghost 
signal” derived from a cardiac structure rather = 
blood flow. 

The development of TEDCFM holds considerable 
promise for the understanding of blood flow in nor- 
mal and pathologic conditions, which will find clinical 
application in the management of patients under the 
care of anesthesiologists. 


Hewlett-Packard kindly provided us with a prototype trans- 


esophageal ultrasound transducer and a color flow mapper at a 


time when they were not yet available for worldwide distribution. 
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The effects of U-50488H, a selective x-analgesic, on the 
minimum anesthetic concentration (MAC) of an inhala- 
tional agent (halothane) were studied in the rat. U-50488H 
was given subcutaneously in doses of 3, 10, and 30 mg/kg 
body weight. The maximal MAC reduction was about 60%. 
The potency ratio of U-50488H to morphine in this model 
was comparable with potency ratios in other analgesic as- 
says. In separate experiments, the percent reduction in halo- 
thane MAC with U-50488H at 30 mg/kg was determined 
during the infusion of naloxone (5 ug-kg™?-min~? and 1 


U-50488H is a selective and structurally novel non-u- 
opioid agonist. It has effective analgesic properties 
comparable with morphine but, in contrast, it acts 
selectively through «-opioid receptors. Having min- 
imal side effects of respiratory depression and muscle 
rigidity and low abuse potential, U-50488H may be 
useful as a supplement to general anesthesia with 
inhalational agents. The purpose of this study was to 
determine the anesthesic potency of x-analgesics as 
measured by the changes in the minimum anesthetic 
concentration (MAC) of halothane with increasing 
doses of U-50488H. 


Methods 


The animals involved in this study were cared for and 
used in accordance with the Guide for the Care and 
Use of Laboratory Animals, DHEW Publication (NIH) 
&5-23, 1985 and the Animal Welfare Act. Halothane 
MAC and changes in halothane MAC with U-50488H 
were determined in 11 Sprague-Dawley rats, weigh- 
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me-kg~t-min~1) at doses shown to have reversed a 70% 
reduction in MAC by 10 mg/kg of morphine. Only when 
naloxone was infused at 1 mg-kg~!.min~! was there a sig- 
nificant reversal of the U-50488H-induced reduction in 
halothane MAC. This observation suggests that the reduc- 
tion in MAC of halothane with U-50488H was not mediated 
by a u-receptor. In conclusion, through the use of a selective 
pharmacologic tool that stimulates x-receptors we have dem- 
onstrated potential utility of x-analgesics as supplements to 
general anesthesia. 


Key Words: ANALGESICS—-U-50488H. POTENCY, 
ANESTHETIC—MAC. ANESTHETICS, voLaTILE—halo- 
thane. 


ing between 280 and 390 g, as described previously 
(1). Each rat was placed in a clear plastic cone and 
anesthetized with 3.5% halothane and oxygen for 3-5 
min. Tracheal intubation was accomplished with a 16- 
gauge polyethylene catheter. Halothane concentra- 
tion was reduced to 1.5%, and the rat was allowed to 
breathe spontaneously until cannulation of a femoral 
artery and vein with PE50 tubing was accomplished. 
Halothane concentration was then decreased further 
to 1.25%, and ventilation was controlled with a Har- 
vard animal respirator, using measurement of arterial 
blood gases to maintain normal Po}, Pco2, and pH. 
The arterial line was connected to a Statham P23Db 
pressure transducer used to continuously monitor 
systolic and diastolic blood pressure and heart rate 
on a Grass Polygraph 7 recorder. Colonic temperature 
was measured by a Yellow Springs thermister and 
maintained at normothermia with a heating blanket 
and lights. 

A fine polyethylene catheter (PE10) was introduced 
through and beyond the endotracheal tube until ob- 
struction to passage was noted, and was then with- 
drawn 1-2 mm. Gas samples for measurement of al- 
veolar anesthetic concentrations were obtained by 
withdrawing 10 ml of gas through the catheter into 
glass syringes over 3-5 min at the time of tail-clamp 
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Table 1. Effect of U-50488H Doses on Halothane MAC 
For Each Rat 





Rat MAC Dose Decrease Group decrease 
Number (% Halothane) (mg/kg) (%) (Mean % + SEM) 
1 0.755 E- 0 
2 1.235 3 0 00 
3 0.875 10 64.6 
1 0.755 10 44.9 
2 1.235 10 26.4 ae oe 
4 0.840 10 31.0 ! 
| 
5 0.596 30 62.6 | 
6 0.868 30 47.8 ! 
2 1.235 30 69.8 | 
7 1.070 30 59.5 ) 
8 0.759 30 42.4 GAU E 3: 5 
9 0.835 30 81.0 
10 0.859 30 53.4 
11 0.817 30 87.4 


and were assayed using gas chromatography with a 
Hewlett-Packard model 5750 with flame ionization 
detector. A constant alveolar concentration of halo- 
thane was verified by analyzing triplicate samples. 
Control MAC levels were established according the 
method described (2) using a long hemostat clamped 
to full ratchet lock on the tail for 1 min. The tail was 
always stimulated proximal to a previous test site. 
Gross movement of the head, extremities, and/or body 
was taken as a positive test to stimuli whereas gri- 
macing, swallowing, chewing, tail flick, or no ‘re- 
sponse were considered negative. The halothane con- 
centration was decreased in increments of 0.2 to 0.25%, 
until the negative response became positive, allowing 
about a 12 min equilibration after changes in concen- 
tration. MAC was considered to be the concentration 
midway between the lowest concentration associated 
with a negative response and the highest concentra- 
tion that produced a positive response. After a control 
MAC was established, the halothane concentration 
was increased to 1.25%. U-50488H was then a lin- 
istered subcutaneously in doses of either 3, 10, or 30 
mg/kg. Because the analgesic half-life of U-50488H 
given subcutaneously is about 50 min enpabished 
data), supplemental quarter doses were given S b- 
cutaneously every 25 min. After the initial injection 
of each drug dose, 25 min was allowed to elapse þbe- 
fore starting the MAC determination procedure.; At 
this time the first supplemental dose was also given. 
The experiment continued an additional 30-45 
Usually two different doses of U-50488H were tested 
per rat, beginning with the lower dose. ) 

In six rats, naloxone was infused to determine if 
the reduction in halothane MAC by 30 mg/kg U-50488H 
could he reverced After MAC wae determined with 
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Figure 1. Effects of U-50488H on halothane MAC. Doses of U- 
50488H (3, 10, and 30 mg/kg) were given subcutaneously after the 
control levels of halothane MAC were determined for each rat. 
Thereafter quarter doses were given every 25 min until the com- 
pletion of each experiment. The data are presented as mean % + 
SEM. Control MAC values and the number of determinations at 
each dose are indicated in Table 1. 


30 mg/kg of U-50488H and after a supplemental dose 
was given, halothane MAC was redetermined while 
naloxone was being setae continuously (for not more 
than 45 min) at 5 wg-kg~'min~'. This was then ‘re-. 
peated while naloxone was being infused continir- - 
ously (for not more than 45 min) at 1 mg-kg~4.min7!. 
Statistical differences in halothane MAC were deter- 
mined between a group receiving 30 mg/kg of U-50488H. 
and groups receiving 30 mg/kg of U-50488H during 
naloxone infusion. P = 0.05 was considered signifi- 
cant by Bonferroni’s unpaired t-test (3). 


Results 


The control MAC for halothane from 11 rats was 0.88 
+ 0.07 (mean + SEM), which was in agreement with 
previous results (1,2). In Table 1, reductions of halo- 
thane MAC are listed for three doses of U-50488H 
tested (3, 10, and 30 mg/kg). The results are reason- 
ably consistent within each group, although at 10 mg/kg 
the standard error was more than 20% of the mean. 
This may reflect the greater potential for variance at 
this point on the dose-response curve. In Figure 1, 
the results from Table 1 are illustrated as a semilog- 
arithmic plot of percent halothane MAC reduction vs 
dose of U-50488H. The shape of the curve suggests a 
response over a narrow dose range. It also suggests 
a decreased rate of change in the percent reduction 
in MAC with U-50488H at 30 mg/kg. The percent re- 
duction in MAC was never greater than 87.4% at 30 


mo/ke in eicht determinations. 
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Table 2. Naloxone Reversals of Halothane MAC Reduction with-U-50488H (30 mg/kg) For Each Rat 


Rat MAC Naloxone Decrease Group decrease 
Number (% Halothane) (ug-kg~-min-?) (%) > (Mean % + S.E.M.) 
1 0.759 0 42.4 

2 0.835 0 81.0 
3 0.859 0 53.4 
4 0.817 0 87.4 62.4 + 7.5 
5 0.596 0 62.6 
6 0.868 0 47.8 
1 0.759 5 54.3 
3 0.859 5 56.6 
5 0.596 5 48.0 48.3 + 5.0 
6 0.868 5 34,2 
2 0.835 1000 15.0 
4 0.817 1000 21.9 
5 0.596 1000 2.0 11.0 + 45 
6 0.868 1000 5.3 


In Table 2, reductions in halothane MAC with U- 
50488H at 30 mg/kg are listed for three infusion rates 
of naloxone at 0, 5 and 1000 wg-kg~*smin~? as deter- 
mined in six rats. As illustrated in Figure 2, 5 
u“g-kg~*min~* had no significant effect on the reduc- 
tion of halothane MAC produced by 30 mg/kg of U- 
50488H. On the contrary, at 1 mg-kg~*min@?, nal- 
oxone almost completely reversed the effects of U- 
50488H. In a single experiment, 10 mg/kg of morphine 
produced a 75% reduction in halothane MAC. When 
naloxone was infused at either 5 ug-kg™*min~? or 1 
mg-kg~'4min~!, 10 mg/kg of morphine produced at 
most only a 5% reduction in halothane MAC. Blood 
gas tensions were maintained within a normal range 
during the course of each experiment and there was 
_no evidence of muscle rigidity even at the highest 
levels of MAC reduction. 


Discussion 

Reduction in the anesthetic requirement of halothane 
by narcotics has been studied extensively in the same 
model used in our study (1,4,5). The dose-response 
effect of morphine on halothane MAC was shown to 
be hyperbolic in shape and was approaching satu- 
ration at about 80% MAC reduction. The dose-re- 
sponse effects of sufentanil and alfentanil on halo- 
thane MAC were sigmoidal in shape approaching a 
peak effect of greater than 90% MAC reduction with 
sufentanil. Maximal response with alfentanil was un- 
attainable because side effects of muscle rigidity pre- 
vented accurate measurements above infusions of 15 
ugkg~'min~'. Although used successfully in the 
clinical setting to supplement inhalational agents, each 
narcotic mentioned earlier is not without its own in- 
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plications related to cardiovascular instability (6), res- 
piratory depression (7), and muscle rigidity (1) make 
-receptor mediated narcotics less than ideal. 

The narcotic agonist-antagonists are a recently de- 
veloped novel class of drugs. Their clinically desirable 
properties stem from the fact that they are u partial 
agonists and have varying degrees of x-agonist prop- 
erties. One such drug, nalbuphine, does not display 
the severity of respiratory side effects typical of u- 
agonists. Unfortunately, in the same rat model stud- 
ied here, nalbuphine never decreased the MAC of 
halothane by more than 20% (5). 

U-50488H is a structurally novel non-y-opioid ag- 
onist believed to interact selectively with a x-opioid 
receptor (8-10). This compound displays analgesic ac- 
tions in a variety of assays (thermal, pressure, and 
irritant) in mice and rats. In most of these assays, U- 
50488H is nearly as potent as morphine. Other phar- 
macologic data suggest that the x-opioid analgesia 
exhibited by U-50488H is dependent on serotonergic 
mechanisms (11). Interestingly, the anesthetic po- 
tency of sufentanil in our rat model is partially an- 
tagonized by para-chlorophenylalanine at concentra- 
tions known to deplete serotonin centrally by 70% 
(12). 

Several of the properties of selective x-receptor ag- 
onists such as respiratory and cardiovascular stability 
and low abuse potential make drugs such as U-50488H 
potentially useful clinically. For this reason, anes- 
thetic interactions of U-50488H with an inhalational 
anesthetic were studied. The reductions in halothane 
MAC by U-50488H at 30 mg/kg were comparable with 
the effects of morphine at 10 mg/kg (1). This ratio in 
potency was similar to other assays of analgesia, but 
the absolute EDs) values from these other assays were 
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*n < 0.05 by unpaired t test. 


Figure 2. Effect of naloxone on the reduction in halothane MAC 
produced by 30 mg/kg of U-50488H. Naloxone was infused at 5 
ugeke~*min-! and at 1 mg-kg~'-min~’ as described in METHODS. 
Data are presented as mean % + SEM. Control MAC values anc 
the number of determinations at each dose of naloxone are indi- 
cated in Table 2. When rats receiving both 30 mg/kg of U-50488I- 
and 5 ugkg` imin”! of naloxone are compared by unpaired t- 
testing to rats receiving only 30 mg/kg of U-50488H, the difference 
in halothane MAC was not significant (P = 0.1996). When rats 
receiving both 30 mg/kg of U-50488H and 1 mg-kg~*min~? of nal- 
oxone are compared by unpaired Sa) to rats receiving only 30 
mg/kg of U-50488H, the difference in halothane MAC was signif- 
icant (P = 0.0009). 


phine or U-50488H required to reduce halothane MAC 
by 50%. This may be related to the relative insensi- 
tivity of the test used here, which uses a strong no- 
ciceptive stimulus and requires a well directed re- 
sponse. 

Much of the pharmacologic evidence demonstrat- 
ing the non-u selectivity of U-50488H results from 
studies involving the use of narcotic antagonists (8). 
These studies utilized naloxone and MR-2266 as rel- 
atively selective opioid antagonists for 1 and x recep- 
tors, respectively. The results showed that MR-2266 
was more effective in reducing U-50488H analgesia 
than morphine analgesia, whereas naloxone was much 
more effective in reducing morphine analgesia than 
U-50488H analgesia (8). In the context of our data, 
naloxone infused at 5 ug-kg~'min~' did not signifi- 
cantly reverse the effects of U-50488H. However, this 
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dose did reverse a similar level of MAC reduction 
induced by morphine. Naloxone at 1 mg - kg7*-min~? 
was able to reverse the effects of both U-50488H and 
morphine. This suggests that the reduction in halo- 
thane MAC observed with U-50488H may be me- 
diated by a non- opioid receptor. 

In conclusion, through the use of a selective phar- 
macologic agonist of x-receptors we have demon- 
strated a potential utility of x-analgesics as supple- 
ments to general anesthesia. 


U-50488H, — trans-{-)-3,4-dichloro-N-methyl-N—2-(1-pyrrolidinyl) 
cyclohexyl-benzeneacetamide methane sulfonate hydrate was syn- 
thesized by Dr. J. Szmuszkovicz of The Upjohn Company. 
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Epinephrine Improves the Quality of Spinal Hyperbaric 


Bupivacaine for Cesarean Section 
Ezzat I. Abouleish, MD 


ABOULEISH EI. Epinephrine improves the quality of 
spinal hyperbaric bupivacaine for cesarean section. Anesth 
Analg 1987;66:395—400. 


In a double-blind randomized study, the effects of the ad- 
dition of epinephrine on hyperbaric spinal buptvacaine were 
studied in 63 patients having electtve repeat cesarean sec- 
tions. In the study group (32 patients), the addition of 0.2 
nig epinephrine improved the quality of analgesia since fewer 


There is general agreement that epinephrine prolongs 
the duration of sensory and motor blackade when 
added to spinal tetracaine (1-4). No such agreement 
exists, however, with respect to the effect of epi- 
nephrine when given with spinal bupivacaine or lid- 
ocaine. Chambers and associates (5) and Spivey (6) 
found that the addition of epinephrine to spinal lid- 
ocaine only prolonged the recovery of both motor and 
sensory functions, but neither study showed im- 
proved quality of analgesia or motor paralysis or dif- 
ferences in the dermatomal levels of the sensory block 
associated with the use of epinephrine. The authors 
concluded that epinephrine did not serve a clinically 
useful purpose when added to lidocaine spinal an- 
esthetics. On the other hand, Leicht and associates 
found that the addition of epinephrine significantly 
prolonged both the time for two-segment anesthesia 
regression and the duration of sensory and motor 
blockade (7). Animial studies have shown that, with 
spinal lidocaine, epinephrine increases the dermato- 
mal level of anesthesia and prolongs sensory and mo- 
tor block in monkeys (8), and in dogs is associated 
with a 46% increase in the duration of motor block 


(9). 
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patients required supplementation of the spinal anesthetic; 
the motor block was more profound; and the times to two- 


segment regression, sensory recovery, and motor recovery 
were prolonged. 


Key Words: ANESTHETIC TECHNIQUES—spinal. 
ANESTHETICS, LtocaAt—-bupivacaine. ANES- 
THESIA— obstetric. 


Studies concerning the effects of epinephrine with 
spinal bupivacaine are limited and controversial. Moore 
found that epinephrine caused a more rapid onset of 
anesthesia, a longer time for two-segment regression 
to occur, more intense motor paralysis, and pro- 
longed sensory and motor blockade (2). On the other 
hand, Chambers and associates found that the ad- 
dition of epinephrine did not change the time of onset 
of anesthesia, the intensity of the anesthesia, or the 
time required for two-segment regression; epineph- 
rine prolonged only the time required for complete 
recovery from the block (10). They concluded that 
epinephrine served no useful purpose with bupiva- 
caine spinal anesthetics. 

Because of this controversy, we performed this pro- 
spective double-blind, randomized study of a large 
number of unpremedicated patients of similar age and 
physical status, having the same surgical procedure 
at the term of pregnancy, all with intact fetal mem- 
branes, and none in labor. 


Methods 


The study involved 63 term ASA I patients not in labor 
who were scheduled for elective repeat cesarean sec- 
tion under spinal anesthesia. None of the fetuses had 
antenatal evidence of distress or compromise. After 
giving their consent, patients were randomly divided 
into two groups. In the study group (32 patients), 0.2 
mg epinephrine was added to bupivacaine, wheréas 
in the control group (31 patients), no additive was 
used. The anesthetic was 0.75% bupivacaine hydro- 
chloride in 8.25% dextrose, a hyperbaric solution hav- 
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ing a specific gravity of 1.035 at 25°C and 1.030 at 
37°C. The dose was calculated according to each pa- 
tient’s height, with administration of 8.25 mg (1.1 ml) 
for a 150-cm patient—the dose increased or decreased 
by 0.1 mg bupivacaine for each 1-cm variation above 
or below that height. No premedication was admin- 
istered. The spinal anesthetic technique was the same 
in all the patients. Lactated Ringer's solution, 15 ml/kg, 
was infused intravenously over 20 min before injec- 
tion of the local anesthetic into the subarachnoid space. 
Spinal anesthesia was induced with the patient in the 
right lateral horizontal position. Lumbar puncture was 
performed at the L2-3 interspace using a 26-gauge 
spinal needle. Free flow of clear cerebrospinal fluid 
before and after injection of the local anesthetic was 
mandatory for inclusion in the series. This ensured 
proper placement of the injectate into the subarach- 
noid space. 

The intrathecal injection of the local anesthetic was 
completed in 10 sec. Immediately after the injection, 
the patient was gently turned to the supine horizontal 
position, which was maintained for at least 20 min. 
Left uterine displacement was accomplished using an 
air bag (11). Arterial blood pressure and heart rate 
were monitored noninvasively using an automatic os- 
cillotonometric device (Dinamap”) cycling every 30 
sec to 1 min until the delivery, and every 2 min there- 
after. The heart was also monitored using a precordial 
stethoscope and ECG. Hypotension was defined as a 
20% decrease in systolic blood pressure. Ephedrine, 
injected IV in 10-mg increments, was used to correct 
maternal hypotension. Oxygen at a flow rate of 4 
L/min was administered through a plastic face mask 
or nasal cannulae, depending on the patient's pref- 
erence. Morphine in 2.5 mg IV increments was used 
to treat anxiety, discomfort, or pain after delivery. If 
the block appeared to be inadequate, or if 15 mg of 
morphine was unsuccessful in controlling pain, the 
patient was given general anesthesia using endotra- 
cheal intubation following a rapid sequence induc- 
tion. 

The times of bupivacaine injection, start of surgery, 
delivery, and termination of surgery were recorded. 
Since the block was administered with the patient in 
the right lateral position, the onset and spread of the 
block were expected to occur earlier on the right side. 
Therefore, in all patients, the dermatomal level of 
sensory anesthesia was tested by pinprick 7.5 cm from 
the midline on the right side, at 2 min, 5 min, 10 min, 
15 min, and 20 min after the spinal injection. At the 
same times, motor power was also assessed on the 
right side, using the Bromage scale for motor function 
[0, patient able to move her entire right lower extrem- 


“ity; 1, unable to flex hip; 2, unable to flex hip and 
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Table 1. Thoracic Dermatomal Level of Sensory 
Anesthesia after Spinal Injection of Bupivacaine 








Time after 





injection Study group Control group 
(min) (n = 32) (n = 31) 
2 6.7 + 0.4 61 + OS 
5 £2 2 05 4.2 + 0.4 
10 27 = 03 3.0 + 0.4 
15 26 £ U3 2.8 + 0.4 
20 26 £03 2.8 + 0.4 


Mean + sem. No significant differences. 


knee; 3, complete motor blockade of the lower limb 
(12)]. Time to two-segment regression of the level of 
sensory anesthesia was also determined by pinprick 
every 30 min on the right side. Time to complete 
sensory and motor recovery was determined by re- 
turn of sensation to all the body and free movement 
of both lower limbs. The degree of analgesia was ar- 
bitrarily rated “excellent” if no supplementation was 
required; “very good” if morphine was required in 
amounts of 5 mg or less; “good” if the amount of 
morphine needed was more than 5 mg and less than 
10 mg; and “poor” if the amount of morphine ex- 
ceeded 10 mg or if general anesthesia was required. 
The author prepared the injectate and gave the 
anesthesia or supervised its administration. An anes- 
thesia resident collected the data, a neonatologist 
evaluated the neonate, and neither the physicians 
evaluating the technique nor the patient knew the 
nature of the injectate. The data were analyzed by an 
independent statistician. For statistical analysis, nu- 
merical variables (e.g., age, weight, dermatomal level) 
were compared using a two-sample f-test. When us- 
ing a categorical variable (e.g., degree of analgesia), 
a x? test was performed; a P value of less than 0.05 
was considered statistically significant. Data are ex- 
pressed as mean + standard error of mean (SEM). 


Results 


The two groups were comparable in terms of age, 
height, weight, gestational age, parity, and gravidity. 
The doses of bupivacaine injected into the subarach- 
noid space in the two groups were similar (9.3 + 0.1 
mg in the study group or the control group). The rate 
of spread of anesthesia after injection was similar in 
both groups (Table 1). There was also no significant 
further spread of the sensory level after 10 min in 
either group (Table 1). The Bromage scores were higher 
in the study group than in the control group at 2, 5, 
10, and 15 min but not at 20 min (Fig. 1). One patient 
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Table 2. Rating of Analgesia and Supplementation of the Spinal Anesthetic 
Reason for Relation to 
Study group 1 = 32 (100%) supplementation delivery 
Excellent 25 (78%) = == 
(no supplementation) 
Very good 6 (19%) Anxiety, discomfort on abdominal manipulations, After 
(=5 mg morphine) and/or pulling on uterus 
Good 0 (0%) = <i 
(>5-10 mg morphine) 
Poor 1 (3%) 
(>10 mg morphine) 0 — — 
(general anesthesia) l Pain Before 
Control group n = 31 (100%) 
Excellent 14 (45%) — — 
(no supplementation) 
Very good 5 (16%) Anxiety, discomfort on abdominal manipulations After 
(=5 mg morphine) and/or pulling on uterus 
Good 10 (33%) Discomfort on abdominal manipulations, pulling After 
(>5-10 mg morphine) on peritoneum, pulling on uterus, freeing 
adhesions, and/or pulling on omentum 
Poor 2 (6%) 
(15 mg morphine) l Pain with abdominal manipulations After 
(15 mg morphine and l Pain with abdominal manipulations and pulling After 


general anesthesia) 


Significant difference between the two groups (P < 0.05). 


in the study group and three in the control group had 
incomplete motor paralysis (no statistical difference). 

The quality of analgesia significantly improved with 
the addition of epinephrine (Table 2). In the study 
group, 97% of the patients had “excellent” or “very 
good” analgesia compared with 61% in the control 
group (P < 0.05). There was no difference between 


on uterus 


the two groups regarding the incidence of maternal 
hypotension, nausea, or vomiting, or the frequency 
with which ephedrine was required to correct hy- 
potension or the dose of ephedrine used (Table 3). 
Times for two-segment regression, motor recovery, 
and sensory recovery were all significantly longer in 
the study group (Table 4). The fetal outcomes ase j: 
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Table 3. Hypotension, Nausea, Vomiting, and 
Ephedrine Dosage 


Study group Control group 
(n = 32) (n = 31) 
Ephedrine dose (mg, 20.8 + 3.0 19.0 + 2.8 
mean + SEM) 
Hypotension (incidence) 50% 54% 
Nausea (incidence) 43% 40% 
Vomiting (incidence) 32% 35% 


No significant differences. 


uated by the Apgar scores were similar; 1-min scores 
in both groups were between 7 and 9, and the 5-min 
score between 8 and 10. 


Discussion 


Our results show that the addition of epinephrine 
improves the quality of the spinal anesthetic produced 
by bupivacaine since the analgesia was better, motor 
blockade was complete and developed more rapidly, 
and the duration of the block was prolonged. How- 
ever, the prolongation of recovery from the spinal 
block in the study group by 30 min over the control 
group may be a disadvantage in a busy unit. Our 
findings, in general, agree with those of Moore (2) 
and disagree with those of Chambers and associates 
(10). The difference between our findings and those 
of Chambers and associates may be explained by the 
small number of their study subjects (ten in each group) 
(10,13). 

In our study, the onset and the extent of the sen- 
sory block were similar in both groups and did not 
significantly change after 10 min. However, caution 
should be exercised in changing the operating table 
from the horizontal to the Trendelenburg position 
within 20 min of administration of this or other types 
of hyperbaric spinals because occasionally the level 
of sensory, motor, or sympathetic block may unne- 
cessarily extend cephalad to high, and potentially 
dangerous, levels. 

In the present study, unequal volumes of injectate 
were, of course, used in the two groups since 0.2 ml 
of epinephrine solution was added to that of the study 
group and nothing to that of the control group. Spivey 
added saline to the local anesthetic in the control group 
to ensure that volumes remained constant (6). We 
chose to have an experimental design similar to the 
usual clinical practice. Moreover, such a small (0.2 ml) 
difference in volume does not affect the quality of the 
block; 30 mg spinal lidocaine in 0.6 ml or in 1.5 ml 
produces the same level of anesthesia (8). 

Our results show an apparent difference between 
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Table 4. Recovery from Anesthesia (Min) 
Study group Control group 
(n = 32) (n = 31) 
Two-segment regression 90.1 + 4.49 Tod £32 
Complete sensory regression 186.8 + 8.7° 155.8 + 9.3 
Complete motor regression 167.8 + 7.9° 141 + 5.8 


Mean + sem; *P < 0.01; °P < 0.05 


the effects of epinephrine on the rate of spread of the 
sensory and motor blockade. In comparing Figure 1 
with Table 1, it appears as if epinephrine enhanced 
the rate of the motor spread, as indicated by higher 
Bromage scores, whereas there was no difference in 
the rate of the sensory spread. However, the Bromage 
scoring system indicates complete paralysis of certain 
muscle groups and does not take into account their 
paresis. Accordingly, the higher Bromage scores in 
the study group only indicate that epinephrine caused 
paralysis to occur earlier than in the control group, 
and not necessarily a more rapid spread of the motor 
blockade. 

How epinephrine intrathecally injected affects the 
action of local anesthetics used for spinal anesthesia 
remains unclear. The classic theory is that epineph- 
rine causes vasoconstriction, thus delaying the ab- 
sorption of the local anesthetic drug. However, this 
theory has been refuted with both tetracaine and lid- 
ocaine. With the former, Converse et al. found that 
despite the prolongation of spinal tetracaine by the 
addition of epinephrine, the cerebrospinal levels of 
tetracaine were independent of epinephrine injection 
(14). With lidocaine, Denson et al., in monkeys (8), 
and Ravindran et al., in dogs (9), found that the phar- 
macokinetics of lidocaine after its intrathecal injection 
were not altered by the addition of epinephrine, de- 
spite prolongation of the block. For example, in ar- 
terial blood samples, the time to peak plasma con- 
centration of lidocaine injected into the subarachnoid 
space and the area under the plasma concentra- 
tion—time curve from zero to infinity (AUC 0—00) were 
independent of epinephrine (8). There was also no 
correlation between lidocaine arterial plasma level and 
the degree of motor blockade (9). In humans, Axels- 
son et al. found that addition of epinephrine to lid- 
ocaine decreased lidocaine blood levels (15). How- 
ever, they measured venous, not arterial, blood levels. 
Kozody et al., in a study of dogs to identify the effect 
of epinephrine alone or in combination with local an- 
esthetics on the spinal cord blood flow (SCBF), found 
that epinephrine alone, 200 ug, did not change SCBF 
(16). Tetracaine alone caused vasodilation in the lum- 
bosacral region. The addition of epinephrine coun- 
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teracted this vasodilation (17). Bupivacaine, on the 
other hand, caused vasoconstriction in the lumbo- 
sacral region that was unaltered by the addition of 
epinephrine (18). They postulated that epinephrine 
prolonged the anesthetic effect of tetracaine by coun- 
teracting the vasodilation, thus decreasing the ab- 
sorption of the local anesthetic. With bupivacaine, the 
blood flow in the region where the drug had been 
injected intrathecally was not changed by the admin- 
istration of epinephrine; therefore, any effect of epi- 
nephrine on the anesthetic properties of spinal bu- 
pivacaine could not be explained by changes in the 
SCBF. 

The second possibility is that the addition of epi- 
nephrine changes the pH of the local anesthetic so- 
lution to be injected. Following this study, we mea- 
sured the pH of three solutions: 0.75% bupivacaine 
in 8.25% dextrose; 1:1000 epinephrine; and a combi- 
nation of 1.2 ml of 0.75% bupivacaine in 8.25% dex- 
trose with 0.2 ml of a 1:1000 epinephrine solution. 
The pH values were 5.16, 3.29, and 4.27, respectively. 
The difference in pH in a small volume of injectate 
will be of little consequence when diluted by the large 
volume of the cerebrospinal fluid, which has a high 
pH value, especially in the term pregnant patient (20). 
Moreover, the addition of epinephrine lowers the pH 
of the injectate, and if it does anything, it impedes 
the diffusion of the local anesthetic through neural 
membranes by decreasing the undissociated fraction 
of the drug. Thus, latency would be expected to be 
increased with the addition of epinephrine (21), which 
we did not find. Accordingly, it is unlikely that the 
change in pH by the addition of epinephrine was 
responsible for improving the quality of the motor 
and sensory properties. 

The third possible mechanism of action of epi- 
nephrine in affecting responses to local anesthetic so- 
lutions used for spinal anesthesia is a direct effect on 
neural tissues. Collins and associates, in using the 
decerebrate spinal cord-transected cat model, found 
that epinephrine suppressed noxiously evoked activ- 
ity in a wide dynamic range of neurons in the dorsal 
horn of the spinal cord (22). Therefore, the augmen- 
tation of the sensory blocking effects of spinal bupiv- 
acaine by the addition of epinephrine may include a 
direct nociceptive blocking effect by epinephrine. The 
increase in the degree of the motor paralysis of bu- 
pivacaine produced by epinephrine in this study is 
difficult to explain. Could it have been due to a direct 
effect on the motor nerve roots, the anterior horn 
cells, and/or the descending tracts? This interesting 
facet of epinephrine action warrants further investi- 
gation. 

In conclusion, epinephrine improves the sensory 
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and motor quality of hyperbaric bupivacaine spinal 
anesthesia in cesarean section. 
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of the data, and to Caroline Warner and Sandra Starnader for 
secretarial help. 
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EDSTROM HH. Comparison of continuous epidural 
infusion of a local anesthetic and administration of 
systemic narcotics in the management of pain after total 
knee replacement surgery. Anesth Analg 1987;66:401-4. 


Continuous bupivacaine epidural analgesia was compared 
with conventional methods of systemic analgesic adminis- 
tration in the management of postoperative pain in 30 pa- 
tients for 3 days following total knee replacement surgery. 
Patients given continuous epidural analgesia had signifi- 
cantly better pain relief (visual analogue scale, global eval- 


In the current clinical practice, the quality of analgesia 
ror postoperative pain relief is still inadequate. This 
is partly due to the fact that the intensity of pain is 
extremely variable not only among patients, but also 
with different surgical procedures. Often, however, 
inadequate pain relief is the result of poorly conceived 
prescribing formulas (1) and/or inconsistent admin- 
istration of prescribed analgesics (2—4). Often an at- 
tempt is not even made for optimal use of new, potent 
analgesics (5,6) and new techniques. This is reflected 
in the high proportion of patients (40-75%) who ex- 
perience moderate or severe pain following surgery 
(1-3). 

Although postoperative pain relief can be achieved 
by a number of techniques, such, as intravenous 
administration of narcotics (7,8), patient-controlled 
analgesia (9), intermittent or continuous neural block- 
ades with or without narcotics, transcutaneous elec- 
trical nerve stimulation (TENS), nitrous oxide, and 
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uation), needed significantly fewer supplementary analge- 
sics, and had significantly fewer side effects. In the epidural 
group, sensory block averaged six dermatomes on day 1 and 
four dermatomes on day 3. The number of patients with 
complete (or almost complete) motor block of the lower limbs 
decreased from eight on day 1 to five on day 3. The mean 
dosage of bupivacaine decreased from 21.0 + 5.7 (SD) mgihr 
on day 1 to 15.1 + 8.5 mg/hr on day 3. No signs of 
accumulation of or toxic reactions to bupivacaine were seen. 


Key Words: ANESTHETIC TECHNIQUES—epidu- 
ral. PAIN—postoperative. 


cryoanalgesia, little effort has been made to compare 
various drug combinations and routes of administra. 
tion in terms of effective postoperative analgesia un- 
der clinical conditions. 

The aim of the present study was to compare con: 
tinuous bupivacaine epidural analgesia with conven- 
tional methods of systemic analgesic administratior 
for postoperative pain relief following total knee re 
placement surgery. 


Methods 
Material 


The study was approved by the Institutional Review 
Board of the University of Cincinnati. Thirty patients 
scheduled for total knee replacement surgery were 
included in this study. They were assigned to one ol 
two groups for postoperative pain relief in the follow- 
ing way. Patients were assigned to the two groups 
after they had selected either a general anesthetic o1 
an epidural for their surgery. This decision was made 
in concert among the anesthesiologist, the surgeon, 
and the patient. Group I (n = 15) received conven- 
tional parenteral narcotics; group U (n = 15) received 
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Figure 1. Relief of pain at different time intervals after analgesics 
in surgery (hatched bars = epidural group, open bars = conven- 
tional group). Epidural group was significantly better (P < 0.001) 
at all times postoperatively. 


a continuous infusion of bupivacaine via a lumbar 
epidural catheter for management of postoperative 
pain. Patients were informed of the method of eval- 
uation that would follow their surgery. All patients 
had a preoperative diagnosis of rheumatoid or de- 
generative arthritis and all, except for one in each 
group, had unilateral total knee replacement. 

In group I, all patients had general anesthesia for 
surgery. After surgery, postoperative pain manage- 
ment was accomplished with conventional systemic 
administration of analgesics as prescribed by the or- 
thopedic service. No restrictions were placed as to 
drug or frequency. The only narcotic analgesics pre- 
scribed for patients in the present study were mor- 
phine and meperidine. 

Patients in group II (continuous epidural) had lum- 
bar catheters placed prior to surgery and anchored 
for prolonged infusion. Choice of local anesthetic for 
surgery was left to the anesthesiologist and included 
bupivacaine, etidocaine, 2-chloroprocaine, lidocaine, 
or mepivacaine. In the immediate postoperative pe- 
riod, catheters were connected to a volumetric infu- 
sion pump for continuous delivery of bupivacaine. 
Infusions were started with 0.25% bupivacaine at an 
infusion rate of 6-15 ml/hr. The rate required to block 
six to eight dermatomes was determined by the height 
and weight of the patient as previously reported (10). 
Parenteral analgesics were used to supplement the 
epidural technique as necessary. At the termination 
of the study, the catheter was removed and the cath- 
eter tip and site of insertion were cultured. 

All patients were evaluated for 3 days postopera- 
tively. The pain relief, physiological changes, and side 
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Figure 2. Sequential spread of analgesia to pinprick in the epidural 
group. 


effects were monitored throughout and assessed twice 
daily by a research nurse (D.K.). Pain relief was scored 
using a standard visual analogue scale (VAS) from 0 
(no pain relief) to 100 (complete pain relief). The clin- 
ical research nurse explained the VAS to the patients 
on the initial visit and the patients were instructed 
how to grade their pain relief. 

The sensory blockade was assessed using the pin- 
prick method and was recorded as the number of 
dermatomes blocked. Motor function of the contra- 
lateral limb was assessed on a 0-3 modified Bromage 
scale (11), with 0 representing complete block and 3 
representing no block. Evaluation was restricted to 
the contralateral side due to immobilization of the 
surgical extremity or use of a continuous passive mo- 
tion machine. 

A list of potential side effects of the techniques was 
prepared and the patients reviewed their subjective 
side effects at the time of initial evaluation. The list 
included hypotension, nausea, vomiting, tingling un- 
der tongue, ringing in ears, convulsions, itching, uri- 
nary dysfunction, pyrexia, leucocytosis, headache, 
backache, feeling of coolness, constipation, diarrhea, 
decubitus, and tape irritation. Patients were in- 
structed to report any additional side effects. Upon 
completion of the study, patients were also asked to 
grade the technique used for their pain relief. Global 
evaluation was scored from 0 to 3 (0 = no help, 1 = 
fair, 2 = good, and 3 = excellent). 

In group II, a 5-ml venous blood sample was drawn 
from the patient daily. Plasma was separated by cen- 
trifugation as soon as possible and stored at 4°C. Bu- 
pivacaine plasma levels were measured by gas liquid 
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Figure 3. Distribution of d of motor function of the lower 
limbs (epidural group) at different time intervals after surgery. 


chromatography according to the method of Coyle 
and Denson (12). 

In both groups, usage of narcotic analgesics was 
recorded daily in terms of total dose and frequency 
of dosing per 24 hr. The only two narcotics prescribed 
in the present study were morphine and meperidine. 
Meperidine doses were converted to morphine equiv- 
alents. 

All data are presented as means + SD unless oth- 
erwise specified. Frequency distributions were tested 
by means of x with Yates continuity correction or 
Fisher’s exact test. Differences between means were 
tested by Student's t-test. Regression analysis was 
performed with pain relief scores as the dependent 
variable and treatment group and time of observation 
(time of day postoperative) as the independent vari- 
able. Multivariate regression analysis was performed 
on each drug with dosage (mg/day) and frequency as 
the dependent variable and treatment group and day 
postoperative as the independent variables. In all cases, 
a P < 0.05 was considered the minimum level of sta- 
tistical significance. 


Results 
Demographics 
Mean age was similar in both groups: 61.3 yrs + 15.6 
(range 17-81) in group L, 66.3 yrs + 13.2 (range 25-79) 
in group II. Race and gender were likewise similar in 
both groups. As measured by the VAS, group I pa- 
tients reported 45-55% pain relief whereas group H 
patients reported 85-95% pain relief (P < 0.001; Fig. 
1). | 

In group I, sensory block extended over a mean 
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Figure 4. Frequency of adverse reactions on the first postoperative 
day (hatched bars = epidural group, open bars = conventional 
group). Nausea, emesis, pyrexia, and backache were significantly 
(P < 0.05) more frequent in the conventional group and headache 
was significantly (P < 0.05) more frequent in the epidural group. 


of six dermatomes on day 1, which receded to four 
dermatomes on day 3. Daily examination in group I 
showed no sensory block (Fig. 2). Complete or almost 
complete motor block was seen in eight of 15 group 
I patients on day 1. This decreased steadily so that 
by the third day only five of 15 patients had a complete 
or almost complete block. Patients in group I dem- 
onstrated no loss of motor function during the 3 days 
(Fig. 3). 

Patients in group I had twice as many side effects 
as did patients in group II. More patients in group ] 
had three or more side effects than in group II (P < 
0.01). The incidence of nausea and vomiting was higher 
in group I. Foley catheters were inserted in 11/15 pa- 
tients in group II intraoperatively or in the immediate 
postoperative period as a prophylactic measure. This 
precludes comparison of urinary dysfunction be- 
tween groups. l 

The incidence of elevated temperatures (=100°F) 
was greater in group I on postoperative days 1 and 
2. Headache was experienced by five patients in group 
l and by eight patients in group II. Generalized itching 
was reported by two patients, both in group I. In two 
or fewer patients per group, hypotension, tape irri- 
tation, itching, and backache were seen (Fig. 4). 

A significantly higher proportion (80%) of group I 
patients reported global scores of 3 (excellent) than 
did patients in group I (P < 0.001) (Fig. 5). 

The mean dosage of bupivacaine decreased from 
21.0 + 5.7 (SD) mg/hr on day 1 to 15.1 + 8.5 mg/hr 
on day 3 (P < 0.05). Mean plasma concentrations of 
bupivacaine on days 1-3 were 1.2 + 0.8, 2.7 + 0.9, 
and 2.1 + 1.4 ug/ml, respectively. 
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Figure 5. Distribution of global evaluation of the treatment (hatched 
bars = epidural group, open bars = conventional group). A sig- 
nificantly (P < 0.001) higher number of patients in the epidural 
group evaluated the treatment as excellent. 


The proportion of patients given narcotics was 
greater in group I than in group H (P < 0.05) (Table 
1). These narcotics were also administered more fre- 
quently in group I, with a mean daily dosage of 24.7 
mg (range 6—60 mg) compared with 12.2 mg (range 
5—20 mg) in group II patients (P < 0.05). 


Discussion 


The relationship of the site of the surgery to the in- 
cidence of pain is roughly as follows: hip and other 
major joints, 30% moderate and 60% severe pain; up- 
per intra-abdominal and thoracic, 40% moderate and 
50% severe pain; lower intra-abdominal, 45% mod- 
erate and 35% severe pain; superficial operations on 
head, limbs, and chest wall, 35% moderate and 20% 
severe pain. In addition, the incidence and intensity 
of postoperative pain are influenced by personality, 
certain psychological factors (emotion and fear), and 
rapport of the patient with surgical, nursing, and an- 
esthetic teams (13). 

Pain that is inadequately treated intensifies reflex 
responses that can cause serious complications, such 
as pulmonary, intestinal, or urinary problems; throm- 
boembolism; altered muscle metabolism; hyperdy- 
namic circulation; and increased oxygen consumption 
(14). Following hip and knee surgery, the pain is as- 
sociated with severe reflex spasm of the quadriceps; 
which further causes excruciating pain and impaired 
muscle function. 

In the design of this study, postoperative pain due 
to knee replacement surgery was chosen as the model 
since 90% of the pain is moderate to severe. In ad- 
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Table 1. Narcotic Use Postoperatively 
No narcotics Narcotics Total 
Epidural 12 3 15 
(80%) (20%) 
Conventional 2 13 15 
(13.3%) (86.7%) 


X? = 13.393; P < 0.005. 


dition, there is a requirement that patients start with 
continuous passive motion (by machine) in the im- 
mediate postoperative period. If pain relief by a par- 
ticular technique is inadequate, the patient cannot 
participate in the rehabilitation program until better 
analgesia is provided. 

Postoperative analgesia with systemic administra- 
tion of narcotics on patient demand has long been the 
common method of pain relief. Its efficacy has been 
challenged, owing to inadequate dosage, delayed 
administration periods, and personal bias of those 
ordering and giving the analgesics (14). Even though 
regional anesthesia has been used for limb surgery, 
its potential benefit in a prolonged postoperative pe- 
riod has never been assessed and adequately com- 
pared with other postoperative analgesia techniques. 

Epidural analgesia can be provided by intermittent 
or continuous infusion of local anesthetics. In the lit- 
erature, comparisons have been made between the 
intermittent and continuous infusion techniques (15). 
Some believe that the intermittent technique is su- 
perior because of its simplicity, lack of cumulative 
effects, and adequate analgesia (16). Others believe 
that continuous infusion provides superior analgesia 
with fewer side effects and no tachyphylaxis (17). We 
chose the continuous infusion technique to compare 
with systemic administration of narcotics because of 
our previous experience and satisfaction with this 
technique. 

In this study, group H (epidural) patients reported 
significantly (P < 0.001) higher pain relief scores 
(85-95%) than group I (systemic narcotics) patients 
(45-55%). This confirms the experiences of other 
workers who also reported that regional anesthesia 
provides superior postoperative analgesia when com- 
pared with other techniques (18). The patients in group 
I] also had higher global scores than patients in group 
2 

As expected, the mean daily narcotic usage was 
greater in group I than in group H. We are puzzled 
as to why the patients in group lI needed any systemic 
narcotics in the postoperative period if they had ad- 
equate analgesia with epidural bupivacaine. Perhaps 
personality traits and psychological factors come into 
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play in acute pain states that compel some of the 
patients to be highly anxious and demand systemic 
medications. This factor, whether it is anxiety or pain, 
is not answered by this study. 

Side effects common to both techniques were nau- 
sea, emesis, headache, bowel and urinary dysfunc- 
tion, pyrexia, and backache. Urinary dysfunction could 
not be evaluated in this study since the majority of 


` the patients were catheterized prophylactically by the 


Orthopedic Service. It was presumed by the surgeons 
that epidural bupivacaine would produce urinary re- 
tention if adequate analgesia were present. This may 
or may not be true. Another study will be done to 
answer this question. A higher incidence of nausea, 
emesis, pyrexia, and backache occurred in group I 
patients. A higher incidence of headache was found 
in group H patients. Nausea and emesis may be at- 
tributable to the narcotic administration and can be 
explained adequately on that basis. However, the in- 
creased incidence of pyrexia and backache in group I 
and headache in group II is surprising and needs 
further explanation. We hypothesize that pyrexia may 
be the result of increased metabolic rate as a post- 
operative sequela of surgical stress. In group I, the 
stress response was not suppressed adequately, 
whereas with the epidural local anesthetic adminis- 
tration in group II, the stress response was adequately 
suppressed. 

Sirice the patients in this study underwent rigorous 
passive exercises of the operated extremity in the im- 
mediate postoperative period, it is understandable that 
backache could occur. Bupivacaine administered via 
the lumbar epidural route seems to be superior in 
preventing backache for such exercises. Headache can 
occur with systemic administration of either narcotics 
or local anesthetics. In the differential diagnosis, one 
can also think of cerebrospinal fluid leaks as a cause 
of headaches. We hypothesize that the increased in- 
cidence of headache as seen in group II patients may 
be due to absorption of local anesthetic (bupivacaine) 
into the epidural vessels, which then selectively tra- 
verses to the cranial vascular channels and produces 
vasodilation, and possibly headache. However, bu- 
pivacaine has been shown to produce dose-depen- 
dent vasoconstriction (19). Further studies are needed 
to confirm or deny this mechanism. 

As expected, sensory and motor blocks were not 
seen in group I. In group H, numbness and motor 
weakness were proportional to the dose infused from 
day 1 to day 3. After effective analgesia was obtained 
on day 1, we found that the dose of the infused drug 
needed to be decreased to prevent further sensory 
loss and/or motor weakness. Tachyphylaxis was not 
a problem with continuous infusion of bupivacaine. 
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Plasma bupivacaine concentrations in the steady state 
were below toxic levels in all group II patients. Thus, 
no evidence of accumulation of bupivacaine was seen 
in this study, as speculated in earlier reports (15,20). 

Two patients in group II had significant compli- 
cations. One patient had a small sacral decubitus, 
which was noticed on day 4. This could have been 
due to sacral pressure, most likely aggravated by sac- 
ral numbness. It clearly illustrates the need for careful 
inspection and care of desensitized areas. In the other 
patient, the epidural infusion was discontinued on 
day 4 and the patient then actively mobilized. While 
en route to the physical therapy department on the 
next day, he developed a sudden onset of shortness 
of breath and chest pain, becarne cyanotic, and ex- 
pired during resuscitation attempts. Postmortem ex- 
amination showed a massive pulmonary embolus. We 
believe that this could not have been prevented and 
possibly would occur in a certain percentage of pa- 
tients undergoing knee surgery, and is unrelated to 
the analgesic technique. 

Two patients in group I had significant complica- 
tions. The first patient did well until the ninth post- 
operative day, when he developed right upper quad- 
rant pain and anorexia. This was diagnosed as renal 
colic and required surgical intervention. The second 
patient could not increase his range of motion in the 
knee in the postoperative period and the knee had to 
be manipulated under general anesthesia 14 days after 
surgery. 

In conclusion, this study compared the efficacy of 
continuous epidural infusion of bupivacaine with sys- 
temic narcotic agents for the management of pain fol- 
lowing knee replacement surgery. Postoperative an- 
algesia was superior with the continuous epidural 
infusion of bupivacaine and the incidence of side ef- 
fects was less. Patients preferred the epidural tech- 
nique to systemic narcotics. 
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Bupivacaine Disposition in Mother, Fetus, and Neonate after 
Spinal Anesthesia for Cesarean Section 
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Uptake of bupivacaine from the subarachnoid space and its 
placental transfer were measured in six patients undergoing 
elective cesarean section. Materna: plasma levels (59 + 32 
ng/ml) were only about 5% of those found in a comparable 
previous study of epidural anesthesia. Mean plasma um- 
bilical venous bupivacaine levels (20.2 + 21 ng/ml) were 
7% of those found after epidural anesthesia. Mean umbilical 
venous/maternal venous bupivacaine ratios were 0.34 + 
0.12 and mean umbilical arterial/umbilical venous ratios 


Nationally, spinal anesthesia is the preferred regional 
anesthetic technique for cesarean section (1,2). Be- 
cause small quantities of local anesthetics are used for 
spinal anesthesia and the rates of drug absorption 
from the subarachnoid space are slow, it has been 
assumed that maternal blood levels are low or non- 
detectable (2). Furthermore, low maternal levels would 
mean that little of the local anesthetic agent would 
cross the placenta and reach the fetus (2). 

These concepts were not tested until 1980 when 
Datta et al. reported detectable levels of lidocaine in 
both maternal and fetal plasma at delivery following 
subarachnoid injection (3). In 1986, Kuhnert et al. 
verified this finding and showed that individual par- 
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were 0.81 + 0.30. No buptvacaine was detectable in neo- 
natal plasma 24 hr after deltvery. Neonatal urine had mea- 
surable levels of both bupivacaine and its inactive metabolite, 
2,6-pipecolylxylidine (PPX), for at least 36 hr after delivery. 
The results demonstrate that bupivacaine crosses the pla- 
centa and reaches the fetus, but in very low amounts. This 
transplacental passage occurs despite injection of only small 
doses of a very highly protein bound drug into the sub- 
arachnoid space. 


Key Words: ANESTHESIA—obstetric. ANESTHET- 
ICS, LocaL—bupivacaine. ANESTHETIC TECH- 
NIQUES—spinal. 


turients could have plasma lidocaine levels after sub- 
arachnoid injection that were within the range of those 
found after epidural injection (4). The latter study also 
showed that neonates excreted lidocaine and its me- 
tabolites in urine for more than 36 hr. Spinal anes- 
thesia with lidocaine thus results in neonatal exposure 
to lidocaine. 

The purpose of the present study was to measure 
the disposition of bupivacaine (which is more highly 
protein bound than lidocaine) and its metabolite in 
maternal, fetal, and neonatal plasma and neonatal 
urine after spinal anesthesia for elective cesarean sec- 
tion, and to compare these data with those previously 
obtained from this laboratory after bupivacaine epi- 
dural anesthesia (5). 


Methods and Materials 


Subject Population and Administration 
of Anesthesia 


Six pregnant women and their infants were studied 
after delivery by elective repeat cesarean section at 
term. The patients were all ASA class I or II. The 
clinical characteristics of the mothers and neonates, 
the amounts of bupivacaine used, and the timing of 
anesthesia are shown in Tables 1 and 2. This study 


ANESTH ANALG 
1987;66:407-12 


Table 1. Characteristics of the Maternal Study Population 
(n = 6) 


Maternal characteristics X + sD Range 
Age (yr) 26:5 18-31 
Parity 

Nulliparous 0 — 

Multiparous 6 — 
Delivery method 

Elective repeat cesarean 6 — 
Intrapartum anesthesia 

Total mg: 0.5% 8.0 + 0.5 7.5-8.5 

bupivacaine in 8% 

glucose 

Anesthesia—delivery 31 + 8 20-43 

interval (min) 
Complications 

Gestational diabetes 1 — 

>200 Ib 2 — 


was approved by the Human Investigation Commit- 
tee of Cleveland Metropolitan General Hospital and 
informed consent was obtained from each patient be- 
fore inclusion in the study. 

Each patient was hydrated with 1500 ml Ringer's 
lactate solution over 20 min prior to surgery. Sodium 
citrate (30 ml orally 10 min preoperatively) or cimet- 
idine (300 mg intramuscularly 1-2 hr preoperatively) 
was given to each patient for aspiration pneumonitis 
prophylaxis. Patients were placed in a sitting position 
and lidocaine (2 ml of 1%) was injected subcutane- 
ously at the L3—L4 interspace in the midline. A 25- 
gauge spinal needle with a 19-gauge introducer was 
used for dural puncture and aspiration of clear cere- 
brospinal fluid (CSF). Bupivacaine (7.5-8.5 mg or 
1.5-1.7 ml 0.5% in 8% glucose) was injected into the 
subarachnoid space over 30 sec with aspiration of CSF 
at the start and conclusion of injection. The dose of 
bupivacaine was based on patient height and fol- 
lowed the recommendations of Santos et al. (6). Pa- 
tients were then immediately placed supine with left 
lateral displacement of the uterus and a 10-degree 
Trendelenburg tilt (6). Adequate surgical anesthesia 
was obtained with sensory levels at T4—6 within 5-15 
min. Supplemental oxygen was given by face mask 
from the time of abdominal incision until delivery of 
the neonate. All infants were delivered within 20-43 
min after induction of spinal anesthesia. None of the 
infants had 1- or 5-min Apgar scores of less than 7 or 
a cord vein pH of less than 7.25 at delivery. 


Sample Collection 


Maternal peripheral venous blood samples (3 ml) were 
collected from an indwelling cannula in the arm op- 


posite to that with intravenous infusion before and 
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Table 2. Characteristics of the Neonatal Study Population 


Neonatal characteristics X + SD Range 
Number of infants 6 — 
Gestational age (weeks) 39.7 £10 38-41 
Birth weight 3193 + 211 2990-3600 
Appar score <7 

1 min 0 aie 

5 min 0 _ 
Cord venous pH 7.35 + 0.06 7.25-7.41 
Cord arterial pH 7.26 + 0.05 7.19-7.29 


L 3, 5, 7, 10, 15, and 20 min after subarachnoid in- 
jection or until delivery and then every 30 min until 
2-3 hr had elapsed since injection. A maternal venous 
sample was also obtained coincidently with clamping 
of the infant's cord. All samples were drawn into 
heparinized tubes and immediately placed on ice. The 
plasma was removed following centrifugation and 
frozen until assayed by gas chromatography/mass 
spectrometry (GC-MS). Neonatal blood samples ob- 
tained at birth from a doubly clamped section of um- 
bilical cord and again 24 and 48 hr after delivery by 
either heel stick or venipuncture were obtained and 
handled in the same manner as maternal blood sam- 
ples. 

Six consecutive 6-hr samples of neonatal urine were 
collected after delivery in plastic urine collection bags 
(Hollister Newborn U-bag). Neonatal urine collec- 
tions were stopped if signs of skin irritation occurred. 
All urine samples were frozen until analyzed by GC- 
MS. 


Sample Analysis 


Levels of bupivacaine and its inactive metabolite, 2,6- 
pipecolylxylidine (PPX), which is produced by de- 
alkylation, were determined in plasma and urine us- 
ing a previously published GC-MS technique (5). 
Semilogarithmic plots of levels of bupivacaine and 
PPX in maternal plasma were obtained by plotting 
concentrations of drugs in maternal plasma against 
minutes after the injection of bupivacaine. Fe- 
tal/maternal plasma concentration ratios and the ratio 
between cord arterial and cord venous bupivacaine 
concentration were obtained. Linear plots showing 
urinary levels of bupivacaine and PPX as a function 
of time were also constructed. Urinary levels of drug 
or metabolite data were expressed as ng/ml urine. 


Statistical Analysis 


Student's t-tests were used to compare levels of bu- 
pivacaine in maternal venous, cord venous, and cord 
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arterial plasma after spinal or epidural anesthesia. Sta- 
tistical significance was accepted at P < 0.05. 


Results 
Bupivacaine and PPX Levels in Maternal Plasma 


Figure 1 shows plasma concentration-time profiles 
from three representative patients. These illustrate 
the similarity in the shape of the curves and also the 
range of bupivacaine levels seen. Concentration-time 
profiles for the other three patients were similar. PPX 
was not detectable prior to delivery. Bupivacaine was 
detectable in maternal plasma immediately after in- 
jection and usually fluctuated considerably prior to 
delivery. Mean peak maternal venous levels were 75.5 
+ 32 ng/ml (range 36-113). Peak levels were reached 


Time (minutes) 


at variable times following administration. In four of 
the patients, the peak levels were achieved in from 7 
to 43 min; in the other two, peaks occurred at 144 and 
110 min. The average time to the peak concentration 
was 59 + 55 min in all six patients. 

Mean levels of bupivacaine in maternal plasma at 
delivery are shown in Table 3 along with the ranges 
of values. 


Fetal and Neonatal Plasma Levels 


At delivery, all cord venous and arterial samples had 
detectable bupivacaine concentrations. Mean levels 
and range of values are shown in Table 3. The cord 
vein/maternal vein ratio ranged from 0.23 to 0.52. Cord 
artery/cord vein ratios as high as 1.22 were found. At 
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Table 3. Bupivacaine Concentrations in Maternal and 
Fetal Plasma at Delivery (ng/ml) 


Bupivacaine 
x + SD Range 
Maternal venous plasma“ 59 + 32 27-113 
Fetal plasma 
Cord vein? 20 +7 11-29 
Cord artery“ tS 10-20 
Cord vein/maternal vein? 0.34 + 0.12 0.23—0.52 
Cord artery/cord vein‘ 0.81 + 0.30 0.53-1.22 


in 
bn 
cH 


e ong 


tou i 


24 hr after delivery, none of the neonates had de- 
tectable levels of bupivacaine in the 0.2-0.5-ml plasma 
samples that were obtained. 


Neonatal Urine Levels 


Eighteen urine samples were collected from six in- 
fants. No complete 36-hr collections were obtained. 
Because so few 6-hr samples were obtained, the data 
were combined to represent 12-hr collections. Data 
from the urine samples that were obtained indicate 
that bupivacaine and PPX are detectable in neonatal 
urine for at least 36 hr after spinal anesthesia (Fig. 2). 
The amount of bupivacaine excreted in urine de- 
creased rapidly for 36 hr after delivery; the levels of 
PPX increased during the second 12 hr and then de- 
creased more slowly than the bupivacaine. Levels of 
both compounds 36 hr after delivery suggested that 
excretion would continue for at least 72 hr. 


Discussion 


The purpose of this study was to describe the dis- 
position of bupivacaine in mother, fetus, and neonate 
after bupivacaine spinal anesthesia for cesarean sec- 
tion. The key finding is that bupivacaine crosses the 
placenta and reaches the fetus, but in very low 
amounts. This transplacental passage occurs despite 
injection of only small doses of a very highly protein 
bound drug into the subarachnoid space. | 
The only other studies of bupivacaine levels after 
spinal anesthesia with which to compare this study 
reported values in nonpregnant patients (7,8). Burm 
etal. used gas chromatography (7) to measure plasma 
drug levels after subarachnoid injection of 15 mg hy- 
perbaric bupivacaine in healthy nonpregnant females 
and males (age 18-50 yr) undergoing general surgical 
procedures on the lower limbs. Despite the fact that 
the dose of drug was twice that used in the present 


KUHNERT ET AL. 


30 ME PPX 
C] Bupivacaine 


20 


10 | 
12 24 36 


Time after Delivery (hours) 


Drug Concentration (ng/ml) 


Figure 2. Neonatal excretion of bupivacaine and PPX for 36 hr after 
spinal anesthesia for delivery (x + SEM). 


study, plasma levels of bupivacaine were similar. Burm 
et al. reported mean peak levels of 63 + 22 ng and 
we report 76 + 32 ng. Burm et al. also reported that 
the maximum concentrations occurred at a mean of 
54 + 11 min whereas in our study maximum plasma 
concentrations occurred at 59 + 55 min. However, 
there was considerably more individual variation in 
the time of peak concentration in the pregnant pa- 
tients. Furthermore, the shape of the parturient’s con- 
centration—time curves is more variable in the early 
absorption periods. 

In a second study, Axelsson et al. (8) used mass 
spectrometry to report bupivacaine levels in whole 
blood rather than plasma. They measured levels after 
subarachnoid injection of either 20 or 22.5 mg hy- 
perbaric bupivacaine in patients (aged 58-89 yr) 
undergoing urological surgery. Their study is not di- 
rectly comparable to our present study because of the 
use of whole blood, the higher doses of bupivacaine 
injected, and the older age of their patients. Their 
peak concentrations occurred at 98 + 54 and 119 + 
72 min, respectively, with 20 and 22 mg of bupiva- 
caine. Although the means are much higher, the in- 
dividual variability was similar to what we report in 
pregnant patients. 

Differences between the present study and other 
studies may also be attributable to differences in an- 
alytical techniques used to measure bupivacaine or to 
the fact that our patients were pregnant. Vascular 
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absorption of local anesthetics injected into the sub- 
arachnoid space is thought to occur from the sub- 
arachnoid space, the epidural space, and the spinal 
cord itself (9). During pregnancy, increased intra-ab- 
dominal pressure causes venous engorgement, par- 
ticularly in the epidural space (2). This results in de- 
creased epidural space volume and possibly decreased 
volume of cerebral spinal fluid in the subarachnoid 
space. These changes could account for the increased 
variability in time of maximum concentration, the 
fluctuations noted in absorption of the drug, and the 
increased plasma levels despite the smaller dose of 
drug. Similar differences were noted in a comparison 
of the uptake of lidocaine from the subarachnoid space 
in pregnant and nonpregnant subjects (4). 

After obstetrical bupivacaine epidural anesthesia, 
it is known that bupivacaine and PPX reach the infant 
and that bupivacaine appears in maternal plasma im- 
mediately after injection (5). The primary metabolite 
of bupivacaine, PPX, appears within 5 min. Fe- 
tal/maternal venous concentration ratios are 0.31 + 
0.06 and the cord arterial/cord venous ratios are 0.49 
+ 0.34. Postpartum, both bupivacaine and PPX are 
detectable in neonatal plasma for 72 hr (5,10) and the 
infant excretes both compounds for at least 72 hr (5). 
The present study provides comparable data for dis- 
position of bupivacaine after spinal anesthesia. 

In the present study, mean maternal bupivacaine 
levels were 5% of those found after the higher doses 
of bupivacaine used for epidural anesthesia (5). Figure 
3 compares the dosages, time from drug administra- 
tion until delivery (DDI), and plasma levels of bupiv- 
acaine found after spinal anesthesia in the present 
study with those reported previously after epidural 
anesthesia (5). The differences in plasma levels are 
statistically significant. Mean cord venous plasma lev- 
els of bupivacaine after spinal anesthesia are 7% of 
those found after epidural anesthesia for cesarean sec- 
tion. Cord arterial plasma levels are also much lower 
(5). These differences (Fig. 3) are also statistically sig- 
nificant. Mean fetal/maternal ratios (0.34 + 0.12) in 
the present study were not different from those found 
after epidural anesthesia (0.31 + 0.06). Furthermore, 
mean cord artery/cord venous ratios (0.81 + 0.31) in 
the present study were not significantly different from 
those found after epidural anesthesia (0.49 + 0.43). 
The neonatal excretion patterns of bupivacaine and 
PPX were similar to those reported previously after 
epidural anesthesia (5). 

It has been the general impression that concentra- 
tions of local anesthetics in maternal plasma never 
reach a level after spinal anesthesia that might pos- 
sibly affect the fetus (2). In general, individual and 
mean maternal plasma levels are much lower than 
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Figure 3. Comparison of plasma bupivacaine levels at delivery after 
spinal or epidural anesthesia (Kuhnert et al., Anesthesiology 55;611: 
1981). 


those reported previously after epidural anesthesia 
(5) and blood levels are achieved more slowly after 
spinal anesthesia. However, placental passage of the 
drug occurs and bupivacaine is taken up by fetal tis- 
sues. This is apparent from the neonatal excretion of 
the drug for at least 36 hr. Thus, bupivacaine crosses 
the placenta and reaches the fetus, but in very low 
amounts. This transplacental passage occurs despite 
injection of only small doses of a very highly protein 
bound drug into the subarachnoid space. 
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Thirty patients undergoing craniotomies were given infu- 
sions of fentanyl 1 pgkg~'hr~', sufentanil 0.1 pekg`'hr>', 
or normal saline in a double-blind study of cerebral relax- 
ation. Significantly better relaxation scores were achieved 
in patients given a narcotic infusion, but there was no 


Large doses of narcotics are often used in anesthesia 
for craniotomies because they decrease both cerebral 
blood flow and cerebral metabolic requirements. 
However, such doses often require the postoperative 
administration of naloxone, and it has been shown 
that naloxone significantly increases cerebral blood 
flow and cerebral oxygen requirements (1). This study 
was designed to determine whether smaller doses of 
narcotics, given by infusion, promote brain relaxation 
(2) and rapid postoperative recovery without requir- 
ing narcotic reversal postoperatively. Large doses of 
sufentanil have been shown to cause greater cardio- 
vascular stability and more reliable brain relaxation 
than large doses of fentanyl (2). The effects of these 
two synthetic narcotics were therefore compared. 


Methods and Materials 


After the protocol was approved by the Institutional 
Review Board of our hospital, 30 patients who were 
to undergo elective craniotomies for either tumor, ar- 
teriovenous malformation, or aneurysm of cerebral 
vessels were selected for the study (mean + SD age, 
yr: fentanyl group, 45 + 15.1; sufentanil, 43.6 + 13.1; 
saline 35.1 + 11). Patients who had received inter- 
mittent positive pressure ventilation preoperatively or 
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difference between the scores with the two narcotics. Infu- 
sions of narcotics at these low rates did not delay recovery 
or alter the requirement for other anesthetic agents. Narcotic 
infusion rates that do not delay recovery or alter depth of 
anesthesia significantly improve cerebral relaxation. 


Key Words: ANESTHETICS, INTRAVENOUS—fen- 
tanyl, sufentanil. ANALGESICS—fentanyl, sufen- 
tanil. ANESTHESIA—neurosurgical. 


who had a history of cardiovascular disease other than 
angina were excluded, as were patients with an ab- 
normal level of consciousness prior to anesthesia or 
with neurological symptoms other than localized mo- 
tor weakness. 

After informed consent was given, all patients re- 
ceived diazepam 10 mg and milk of magnesia 30 ml 
orally 2 hr before surgery. An 18-gauge intravenous 
cannula was inserted and, on arrival in the operating 
room, the radial artery and internal jugular vein were 
cannulated under local anesthesia. 

All patients were randomly allocated to one of three 
groups. The fentanyl group received a bolus of 3 ug/ 
kg prior to induction and an infusion of 1 wg-kg~ hr’. 
Patients given sufentanil received a bolus dose of 0.3 
„g/kg and an infusion of 0.1 wg-kg~*-hr~*. The control 
group received a preinduction dose of 3 ug/kg fen- 
tanyl followed by an infusion of normal saline. The 
narcotic and saline infusions were prepared by one 
of the authors and assigned to patients according to 
a randomly generated list. All anesthetic procedures 
were carried out and records made by two of the other 
authors who were not aware of which drugs the pa- 
tient received. One surgeon assessed cerebral relax- 
ation and he was unaware of the contents of the in- 
fusion. 

After induction of anesthesia with thiopental 3-5 
pg/kg and administration of vecuronium bromide 0.1 
pg/kg, the patient was intubated and stable anes- 
thesia achieved with nitrous oxide and isoflurane. The 
latter was administered in concentrations to 1 MAC 
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Table 1. Brain Relaxation Scores in Patients 
Undergoing Craniotomy 





Score Fentanyl Sufentanil Control 
1 13 11 8 
2 15 15 11 


3-5 2 4 11 


so as to prevent sweating, tachycardia, or hyperten- 
sion in response to surgical stimulation, or other evi- 
dence of inadequate depth of anesthesia. The con- 
centration was continually recorded against time by 
means of mass spectrometry. Isolated tachycardia after 
increased administration of isoflurane, that did not 
accompany surgical stimulus or hypertension, was 
treated with intravenous propranolol. Patients were 
hyperventilated to maintain a Paco, of 28 mm Hg 
measured by arterial blood gas analysis performed at 
the start and end of intracranial surgery. Mannitol 1 
pg/kg and dexamethasone 0.15 g/kg were given in- 
travenously. A Foley catheter was inserted to monitor 
urine production. 

The surgeon was asked to evaluate cerebral relax- 
ation on a five-point scale from excellent (1) to poor 
(5). The score was based on five factors: tenseness of 
the brain tissue and ease of retraction, bulging of cere- 
bral tissue from the edges of the craniotomy incision, 
flatness of sulci, dilatation of blood vessels, and the 
resultant ease of operation. All five factors had to be 
judged ideal for a score of 1. A score of 2 was awarded 
if retraction was not ideal and blood vessels were not 
fully constricted. A score of 3 indicated tense brain 
tissue that significantly hindered the procedure, com- 
bined with flat sulci and dilated blood vessels. A score 
of 4 represented a further deterioration in these fac- 
tors with significant bulging of brain tissue from the 
skull, and 5 represented the worst possible conditions 
for surgery. Cerebral relaxation was assessed when 
the brain was first exposed, 90 min later, and im- 
mediately prior to closing the craniotomy. 

Heart rate and systolic and diastolic blood pres- 
sures were measured via the arterial catheter. Central 
venous pressure was monitored via the jugular cath- 
eter. Measurements of these four functions were made 
prior to induction, after induction (lowest values: and 
highest values), 5 min after surgical incision, ‘and 
postoperatively. Hypotension, if indicated for the op- 
eration, was achieved with sodium nitroprusside. ‘This 
was administered when the lesion (e.g., aneurysm) 
was visualized, and discontinued prior to closure. Hy- 
potension was completely reversed prior to the end 
of the operation. Patients who were determined by 
the assessing surgeon to have brain tissue too tense 
to perform the procedure were given furosemide 40 
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Table 2. Proportion of Cases Requiring Furosemide for 
Adequate Cerebral Relaxation 


Sufentanil Saline 
3/10 4/10 8/10 


Fentanyl 


mg IV. Additionally, one patient in the fentanyl group 
was given furosemide 40 mg IV for poor urine output 
following the third scoring. The fentanyl infusion was 
continued. The times from the end of the operation 
(placement of dressing) to maintenance of sponta- 
neous respiration, extubation, and response to verbal 
commands were recorded. The total volumes of crys- 
talloid solutions administered were recorded, as were 
the length of the procedure and the time from dis- 
continuation of the isoflurane to the end of the op- 
eration. The amount of isoflurane used was recorded 
by plotting concentration against time on the mass 
spectrometer. 

The narcotic infusion was discontinued when clo- 
sure of the dura began. Normocapnia was achieved 
during the closure of skin and application of dress- 
ings. Neuromuscular relaxation was reversed with 
neostigmine 0.08 mg/kg and glycopyrolate 0.015 mg/kg, 
both given intravenously, as the dressing was being 
applied. 

Two-way analysis of variance was used with one 
feature repeated to test for statistical significance of 
time effects, group effects, and time—group effects 
among the cardiovascular measures. One-way anal- 
ysis of variance was performed to test the significance 
of differences in recovery times and in the amount of 
concomitant drugs administered. Also, x? tests were 
used to test differences in the brain relaxation scores 
and in the requirement for additional therapy for brain 
relaxation among the groups. 


Results 


There were no differences among the three groups 
with respect to age, diagnosis, operation performed, 
ASA rating, or frequency and duration of use of so- 
dium nitroprusside. The duration of anesthesia and 
surgery was similar in three groups. Table 1 gives the 
distribution of the three relaxation scores for the 30 
patients (a total of 90 scores). Scores 3 to 5 have been 
placed in a single category because of the low inci- 
dence of these scores in the two groups receiving 
narcotics. There was no significant tendency, with 
respect to time, for relaxation scores either to improve 
or to deteriorate as the procedure progressed. Brain 
relaxation scores were significantly better in patients 
who received a narcotic infusion than in patients who 


`a? 


NARCOTICS FOR CEREBRAL RELAXATION 


CJI Normal Saline 


Sufentanil 


E Fentenyl 
150 SYSTOLIC 


Mean Pressure (mmtty) 





90 
80 
7O 
60 . 
Pre- Highest Lowest Five Post- 
Induction Value Value Minutes operative 
after after after 


Induction Induction Incision 


Figure 1. Mean systolic and diastolic blood pressures during anes- 
thesia for craniotomy. 


received saline preoperatively (P < 0.05). There was 
no difference between sufentanil and fentanyl with 
respect to brain relaxation (P > 0.05). The control 
group required additional therapy for brain relaxation 
more often than the two narcotic groups (P < 0.05, 
Table 2). Changes in cardiovascular variables over time 
were not different among the three groups (Figs. 1 
and 2). None of the patients required naloxone. There 
were no differences among the three groups in dos- 
ages of thiopental, isoflurane, and propranolol; vol- 
umes of crystalloid solutions; incidence of intraoper- 
ative hypertension; incidence of induced hypotension; 
or recovery times (Tables 3 and 4). 


Discussion 

Cerebral relaxation reflects the degree of cerebral 
edema, the state of the cerebrovasculature, and the 
tension of the brain substance. Anesthetic techniques 
have been devised to optimize cerebral relaxation (3), 
an important component of satisfactory operating 
conditions. In the present study, no decrease in con- 
comitant anesthetic agents was reported when low 
dose narcotic infusions were given, and recovery was 
nct prolonged. Low dose narcotic infusions did, how- 
ever, have a salutary effect on cerebral relaxation. The 
use of fentanyl or sufentanil for cerebral relaxation in 
deses too low to exert an anesthetic effect has two 
advantages over the use of large doses. 

First, large dose narcotic administration frequently 
requires reversal by naloxone postoperatively to ini- 
tiate and maintain spontaneous respiration. Naloxone 
can have adverse effects in neurosurgical patients be- 
cause it increases cerebral blood flow and cerebral 
metabolic rate (1). Moreover, naloxone increases the 
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Figure 2. Mean pulse rates during anesthesia for craniotomy. 


Table 3. Concomitant Medication (Mean + sp’) 
Fentanyl Sufentanil Saline 


Thiopental (mg) 205 +47 19+38 210+ 41 

Isoflurane (%7 0.65 + 0.15 0.78 +0.19 0.71 + 0.16 

Crystalloid solutions 2115 + 1260 2910 + 2083 3333 + 1329 
(ml) 


Propranolol (mg) 2.50 + 2.27 2.60 + 1.89 1.60 + 1.71 


“Averaged over the duration of anesthesia. 


incidence of nausea and vomiting to 23% (3) to 50% 
(4), which may severely increase intracranial pres- 
sure. Naloxone has also been reported to cause pul- 
monary edema (5), cardiac arrythmias (6), hyperten- 
sion (7), rupture of intracranial aneurysms (8), and 
sudden death (9). None of the patients receiving low 
doses of narcotic required naloxone in this study. Sec- 
ond, high dose narcotics can cause epileptiform ac- 
tivity and seizures (1,10), to which neurosurgical pa- 
tients are predisposed. 

There was no difference in cerebral relaxation scores 
in this study related to whether fentany] or sufentanil 
was given. This finding differs from that of previous 
studies in which high doses of sufentanil were found 
to be superior in achieving good cerebral relaxation 
(2). In this previous study, the ratio of fentanyl] to 
sufentanil dose required for relaxation was between 
three to one and seven to one, although sufentanil is 
generally believed to be ten times as potent as fentanyl 
(11). 

Although it would have been interesting to com- 
pare narcotic infusions with a control group given no 
narcotic, it was felt necessary to give our control group 
an initial single injection of fentanyl to reduce the 
stress of tracheal intubation. There was no difference 
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Table 4. Duration of Anesthesia and Time to Recovery (Min, Mean + sp) 
rarene EAA em endo emis ated ghee oneness meet Seeman 


Fentanyl Sufentanil Saline 
Duration of anesthesia 391 + 105 488 + 277 437 + 198 
Interval from discontinuation of isoflurane to reversal of 7:2 & 6:2 270r 152 20.0 + 7.8 
muscle relaxant 
Interval from reversal of muscle relaxant to spontaneous 2.20 + 3.72 107 * 1.52 1.20 % 1.55 
respiration 
Interval from reversal of muscle relaxant to extubation 7.30 + 4.80 13.30 + 6.91 9.40 + 5.10 
Interval from reversal of muscle relaxant to verbalization 10.20 + 8.24 16.45 + 10.48 17.05 + 13.86 
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Local Analgesia without Anesthesia Using Peripheral Perineural 


Morphine Injections 


Kit S. Mays, MD, Jonathan J. Lipman, PhD, and Moacir Schnapp, MD 


MAYS KS, LIPMAN JJ, SCHNAPP M. Local analgesia 
without anesthesia using peripheral perineural morphine 
injection. Anesth Analg 1987;66:417-20. 


Twenty-five patients with chronic pain were treated with 
nerve blocks. They were divided into two groups, A and B, 
according to the volume of local anesthetic required for sur- 
gical anesthesia by standard nerve block techniques. The 16 
patients in group A had pain in the distribution of small 
nerves, which could be blocked with 5 ml or less. They were 
blocked in a random, double-blind crossover fashion using 
0.5% bupivacaine or 0.02% morphine. The nine patients 


Studies of the mechanisms of action of opiates have 
revealed that specific receptors exist for these com- 
pounds (1) and for their endogenous ligands, the end- 
orphins (2). This has led to the development of new 
methods of pain control, including intrathecal (3), epi- 
dural (4), and intracerebroventricular (5) injections of 
opiates. Additionally, the findings that opiate binding 
areas occur within the peripheral sympathetic ganglia 
led to the findings by Mays et al. (6,7) that opiate 
injections into these peripheral nerve sites relieve pain. 

Reports as long ago as those by Rynd in 1845 (8) 
and Wood in 1855 (9) described prolonged relief from 
chronic intractable pain with peripheral somatic dis- 
tribution, using peripheral perineural injections of op- 
iates. Mitchell, in 1872 (10), spoke of the beneficial 
effects of opiates injected within the painful area (as 
opposed to administration by other systemic routes) 
in the treatment of patients with causalgia. 

Based on the above findings, we tested, in an open 
study (11), the effects of perineural somatic injections 
of dilute solutions of morphine in patients with chronic 
pain, with good initial results. The present paper was 
designed to evaluate, in a controlled fashion, the clin- 
ical usefulness of these injections. 
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in group B were injected simultaneously with saline, 30 ml 
perineurally and 1 ml intramuscularly. Morphine (6 mg) 
was added, in a random, double-blind fashion, to one of the 
injections. A second pair of injections was subsequently 
done, using morphine by the alternative route. Perineural 
morphine provided statistically longer lasting pain relief 
than did either intramuscular morphine or perineural bu- 
pivacaine. 


Key Words: PAIN—chronic. ANALGESICS—mor- 
phine. ANESTHETICS, LocaL—bupivacaine. 


Methods 


Twenty-five patients referred to the University of Ten- 
nessee Pain Clinic or the Pain Unit of the Baptist Me- 
morial Hospital with chronic intractable pain ame- 
nable to nerve block therapy were entered into the 
study, which was approved by the Institutional Re- 
view Boards of both institutions. Informed consent 
was obtained in all cases after a full disclosure of the 
procedure to the patient. Patients whose pain could 
not be blocked with a single injection of conventional 
local anesthetic were excluded (for example, those 
suffering from herpes zoster involving more than one 
thoracic dermatome), as were patients receiving opioid 
medication. Patients were assigned into two treat- 
ment groups, A and B (Table 1). 

Group A (n = 16) consisted of patients in whom 
pain was transmitted along nerves small enough that 
they could be blocked by 5 ml or less of local anesthetic 
solution. These patients received either 0.5% bupiv- 
acaine hydrochloride or 0.02% morphine sulfate in a 
preservative-free normal saline solution in similar vol- 
umes in a random, double-blind, crossover fashion 
using standard nerve block techniques. The 0.5% bu- 
pivacaine hydrochloride is a standard long-acting lo- 
cal anesthetic solution. The 0.02% morphine sulfate 
solution was chosen after reviewing the early litera- 
ture. Pain relief was evaluated using a verbal response 
scale (VRS: 0 = no relief, 1 = a little relief, 2 = a lot 
of relief, 3 = almost complete relief, 4 = complete 
relief) at 15 min and at 4, 12, and 24 hr after injection. 
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Table 1. Patient Groups and Morphine Doses 


Dose of 
Volume morphine 
Nerve/plexus (ml) (mg) Patients 
Group A (n = 16) 
Supratrochlear nerve 0.2 0.04 1 
Supraorbital nerve 1.0 0.2 2 
Intercostal nerve 1.0 0.2 7 
Occipital nerve 3.0 0.6 3 
Median nerve 5.0 1.0 1 
Radial nerve 5.0 1.0 1 
L2 root 5.0 1.0 1 
Group B (n = 9} 
Brachial plexus 30.0 6.0 6 
Sciatic nerve 30.0 6.0 3 
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Figure 1. Number of patients in group A in whom pain relief on 
the verbal response scale was 2 or more (see “Methods’’) at various 
a after perineural injection of morphine ({3~) or bupivacaine 
(~). 


The second injection, either bupivacaine or morphine, 
was administered to each patient by the same route 
when pain approached preinjection levels after the 
first treatment (24 hr to 2 weeks). 

Group B consisted of patients (n = 9) in whom 
pain transmission involved peripheral nerves or plex- 
uses so large as to require 30 ml, not 5 ml or less, of 
anesthetic solution to be blocked (e.g., the sciatic nerve 
or the brachial plexus). In group B, each patient re- 
ceived either morphine sulfate, 6 mg/30 ml perineur- 
ally, and 1.0 ml of saline intramuscularly, or, at a 
different time, morphine sulfate, 6.0 mg/1.0 ml in- 
tramuscularly, and 30 ml of saline perineurally. Both 
sets of injections were performed in a double-blind, 
crossover fashion. The second set was made after the 
pain approached pretreatment levels. For conve- 
nience, pain was evaluated in this group by means 
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Figure 2. Number of patients in group B in whom pain on the 
visual analogue scale (see “Methods was relieved by 50% or more 
following perineural (£3) or intramuscular (+) morphine. 


of the classic 10-cm visual analogue scale (VAS) in- 
stead of the VRS, at the same time intervals as for 
group A. 

All patients were examined before and after injec- 
tion, at each time interval, for sensory, motor, and 
sympathetic function, as appropriate. Objective signs 
(urticaria, miosis) and subjective signs (euphoria, dys- 
phoria) of systemic opiate effects were also evaluated. 

Pain relief was considered significant when re- 
duced by 50% or more on the VAS or rated as 2 or 
more on the VRS. The number of patients with sig- 
nificant pain relief after perineural morphine at each 
time interval was compared with the number of pa- 
tients who obtained relief after either the local anes- 
thetic ar perineural saline injection. The data were 
analyzed using the x’ test, a probability of 0.05 or less 
being considered statistically significant. 


Results 
Group A 


The difference in the number of the 16 patients stud- 
ied who achieved early pain relief (VRS 2 or more) 
with either morphine or bupivacaine was not statis- 
tically significant (Fig. 1). However, at 24 hr, seven 
patients injected with perineural morphine still had 
pain relief whereas only two patients reported con- 
tinued relief after bupivacaine (P < 0.01). No hypes- 
thesia, weakness, or autonomic changes, regularly 
seen with bupivacaine, were observed after morphine 
injection. Neither treatment produced objective or 
subjective central effects. 


ANALGESIA WITHOUT ANESTHESIA 


Group B 

All nine patients obtained initial pain relief with both 
perineural and intramuscular morphine (Fig. 2). The 
analgesia persisted in more patients in the perineur- 
ally injected group at 12 hr (eight of nine) and at 24 
hr (seven of nine) than in those patients receiving 
morphine by intramuscular injection [two of nine and 
one of nine, respectively (P < 0.05)]. No patients had 
sensory, motor, or autonomic impairment after either 
treatment. 


Discussion 

The present results suggest that morphine injected 
around nerves acts differently than either local an- 
esthetics or systemic morphine in providing relief for 
patients with chronic pain. A mechanism to account 
for the current findings must include an explanation 
of the fact that morphine produced local analgesia 
without local anesthesia and that its duration of action 
was longer than that of systemic morphine in one 
instance and of bupivacaine in the other. 

Reports of morphine’s action on peripheral nerves 
are somewhat contradictory with regard to the ques- 
tion of either receptor-mediated or nonspecific action. 
Jurna and Grossman (12) have demonstrated a selec- 
tive effect of morphine in different types of nerve 
fibers, increasing the compound action potential of 
A-B fibers while reducing that of A-ô and C fibers; 
these effects were reversed by naloxone. Morphine 
also increased both the absolute and relative refrac- 
tory periods, effects that were also reversed by nal- 
oxone, a characteristic of opiate receptor mediation. 

Other investigators have found that morphine’s ef- 
fects on peripheral nerves are not reversed by nal- 
oxone. Schefner et al. (13) have shown that in the 
vagus nerve preparation, morphine (0.1 mM) de- 
pressed the action potential evoked on the vagal axon 
and recorded on the cell body. This effect was re- 
versed by washing, but not by naloxone (0.5 mM). 
(For comparison, in our study we utilized a solution 
of 0.3 mM morphine.) However, in an elegant ex- 
periment, Yuge et al. (14) were not able to demon- 
strate any significant change in the compound action 
potential of either A-8, A-6, or C fibers after peri- 
neural application of morphine. This strongly argues 
against a possible local anesthetic effect of morphine 
but leaves unanswered the eventual effect of mor- 
phine on a train of impulses traveling along the nerve, 
as a small increase in the refractory period of the axon 
could account for significant changes in its capacity 
to carry a high frequency of discharge. 

In a different set of experiments, Smith et al. (15) 
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dernonstrated that n-methyl morphine (a morphine 
quaternary analogue that does not cross the blood- 
brain barrier) has a naloxone-reversible antinoc- 
ceptive action in mice, again suggesting a periph- 
eral analgesic action. Ht is possible that axonal uptake 
and transport of morphine to the spinal cord or to the 
peripheral tissues could account in part for the :pro- 
longed relief observed, as opiates have been shown 
to act as potent analgesics in both locations (16,17). 

Other clinical reports on the analgesic effects of 
perineural morphine in humans have been published 
(18,19), and the findings again have been contradic- 
tory. Bullingham’ s failure to relieve acute postoper- 
ative pain (18) may be attributable to the differences 
in the nature of acute and chronic pain. 

Although this study was limited to a 24-hr follow- 
up period, further observations of these and other 
patients demonstrated in most a much longer dura- 
tion of relief with morphine perineurally than with 
bupivacaine. Our exprience in the past 5 yr, with 
the use of morphine for perineural injections in pa- 
tients with chronic pain leads us to believe that the 
procedure is clinically more effective than’ local an- 
esthetic injections and has no significant ‘morbidity. 
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Endocrine and Hemodynamic Effects of Antagonism of 
Fentanyl-Induced Respiratory Depression by Nalbuphine 


E. K. Zsigmond, MD, Z. Durrani, MD, E. Barabas, DDS, X. Y. Wang, MD, and L. Tran, MD 


ZSIGMOND EK, DURRANI Z, BARABAS E, WANG XY, 
TRAN L. Endocrine and hemodynamic effects of 
antagonism of fentanyl-induced respiratory depression by 
nalbuphine. Anesth Analg 1987;66:421-6. 


Endocrine and hemodynamic changes associated with the 
antagonism of fentanyl by nalbuphine have not been re- 
ported. Therefore, the authors studied ten patients after 
anesthetic induction with thiopental, fentanyl, tracheal in- 
tubation aided by succinylcholine and maintenance with 
diazepam, pancuronium, N,O, and further doses of fen- 
tanyl. Eight of the patients underwent cholecystectomy, one 
had a hysterectomy, and another had an abdominoplasty. 
After reversal of neuromuscular block at the conclusion 
of surgery, normal ventilation was restored by 0.22 + 0.02 
mg/kg intravenous nalbuphine (mean + SEM). Plasma lev- 


A well-recognized adverse effect of moderate to large 
doses of fentanyl as an analgesic component for neu- 
roleptanalgesia is prolonged postoperative respira- 
tory depression requiring mechanical ventilation and/or 
reversal by naloxone. The reversal of respiratory 
depression caused by fentanyl with IV naloxone oc- 
casionally causes simultaneous reversal of analgesia 
and adverse hemodynamic changes that may be re- 
lated to reversal of analgesia (1-3). Julien (4), Latasch 
et al. (5), Moldenhauer et al. (6), and Tabatabai et al. 
(7) demonstrated that respiratory depression caused 
by analgesic agonists could be antagonized by intra- 
venous administration of the agonist-antagonist nal- 
buphine without concomitant reversal of analgesia 
(5-7) or adverse hemodynamic changes in most car- 
diac patients (6). Endocrine changes (e.g., catechol- 
amine and cortisol concentrations) associated with 
nalbuphine antagonism of respiratory depression, 
however, have not been thoroughly investigated as 
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els of free norepinephrine, histamine, and cortisol did not 
increase after antagonism of the fentanyl-induced resptra- 
tory depression, but plasma concentration of epinephrine 
increased significantly but without significant hemody- 
namic changes. Minute ventilation was 1.5 + 0.4 Limin 
before and 11 + 1,10 + 1,11 + 1, and 10 + 1 Limin 
at 15, 30, 45, and 60 min after antagonism; corresponding 
Paco, levels were 56 + 2,44 + 1, 49 + 7,49 +1, #2 
+ 1 mm Hg. The mean analogue pain score remained below 
1.5. We conclude that nalbuphine effecttvely antagonizes 
fentanyl-induced respiratory depression without adverse en- 
docrine and circulatory changes or loss of analgesia. 


Key Words: ANALGESICS—fentanyl, nalbuphine. 
ANTAGONISTS—nalbuphine. 


yet. We, therefore, undertook a study of catechol- 
amine and cortisol concentrations associated with the 
antagonism of fentanyl-induced respiratory depres- 
sion by nalbuphine, and also evaluated the effect of 
reversal on ventilation and analgesia. Since an antag- 
onist without histamine-releasing potential may be 
safer than one with histamine-releasing properties, 
plasma histamine concentrations were also deter- 
mined. 


Materials and Methods 


In an open study, ten patients scheduled for elective 
abdominal surgery (Table 1), all females and non- 
smokers, with a mean age + SEM of 36.0 + 4.8 yr 
and a mean weight of 69.0 + 3.7 kg, were studied. 
All patients were ASA physical status class I or II and 
gave written informed consent as required by our 
Institutional Research Review Board. 

After 1.5 mg/kg hydroxyzine IM and 3.0 ug/kg gly- 
copyrrolate IM as premedication, anesthesia was in- 
duced with 4.2 + 0.5 mg/kg thiopental, followed by 
0.41 + 0.1 mg/kg diazepam, 11.0 + 1.0 ugkg` ihr“! 
fentanyl given in incremental doses, and N,O:Oz, 3: 
2 L/min. Tracheal intubation was facilitated with 1.0 
mg/kg succinylcholine. Pancuronium, 0.1 + 0.01 
mg/kg, was used for intraoperative maintenance of 
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Table 1. Duration and Type of Surgery 


Duration 
Patient Surgery of surgery 
no. type (min) 
1 Cholecystectomy 135 
2 Cholecystectomy 260 
3 Hysterectomy 120 
4 Abdominoplasty 290 
5 Cholecystectomy 150 
6 Cholecystectomy 150 
7 Cholecystectomy 150 
8 Cholecystectomy 165 
9 Cholecystectomy 325 
10 Cholecystectomy 295 


muscle relaxation. Arterial Pao. > 100 mm Hg and 
Paco; in the range of 28-38 mm Hg were maintained 
throughout anesthesia by adjusting mechanical ven- 
tilation based on the capnographic measurements and 
measurements of blood gas tensions using an ABL-4 
Radiometer blood gas analyzer at least every hour as 
well as 30 min and 15 min before nalbuphine antag- 
onism and every 15 min for an hour afterward. Ven- 
tilation was monitored by chest plethysmography 
(Gilson), spirometry (Wright), and capnography (Pu- 
ritan-Bennett) on a multichannel recorder. Direct ra- 
dial arterial pressure (AP) was determined via a Gould- 
Statham strain gauge, and ECG lead V; or lead with 
the tallest R-wave was monitored on a Gilson poly- 
graph. 

The monitoring equipment was carried with the 
patient to the recovery room. The muscle relaxant 
effect of pancuronium was continually monitored 
throughout anesthesia. Before the administration of 
pancuronium, the twitch height, train of four, and 
tetanic response of the adductor pollicis hand muscle 
to ulnar nerve stimulation were recorded. At the end 
of the surgical procedure, 0.25 mg/kg pyridostigmine 
and 4.0 ug/kg glycopyrrolate were given IV for re- 
versal of neuromuscular blockade. After recovery of 
twitch height to 95% of the initial value, mechanical 
ventilation was discontinued and manual assistance 
of spontaneous ventilation begun. Alveolar CO, was 
allowed to increase to 56 mm Hg by reducing manual 
ventilation until patients regained spontaneous but 
inadequate ventilatory drive. Severe ventilatory 
depression and/or apnea lasting for 30 sec was sus- 
tained before 0.1 mg/kg nalbuphine was given IV. If 
adequate ventilation was not restored within 3 min, 
an additional 0.1 mg/kg nalbuphine was given IV every 
3 min until full recovery to the level of minute ven- 
tilation maintained prior to termination of anesthesia 
by assisted ventilation was achieved, a level that as- 
sured a normal Paco,. Extubation was carried out 
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Figure 1. Plasma catecholamine levels after nalbuphine antagonism 
of fentanyl-induced respiratory depression. Epinephrine levels are 
significantly above baseline levels: * = P = 0,01. 


within 15 min after nalbuphine administration. Dur- 
ing transportation to and while in the recovery room, 
the patients breathed O2-enriched air after the admin- 
istration of nalbuphine. 

Plasma-free catecholamine levels of epinephrine, 
norepinephrine, and dopamine were determined 15 
min before and 15, 30, 45, and 60 min after nalbuphine 
by a high-performance liquid chromatographic (HPLC) 
assay (8,9) in plasma samples stored at —30°C that 
were derived from blood samples taken into heparin- 
ized tubes kept at —4°C and centrifuged in a refrig- 
erated centrifuge. Plasma-free cortisol concentrations 
were determined by a radioimmunoassay (10). Plasma 
histamine concentrations were measured by a spec- 
trofluorometric assay (11). Duplicate determinations 
were carried out on each blood sample and on internal 
controls with these hormones. Diazepam, fentanyl, 
nalbuphine, thiopental, and pancuronium in the ex- 
pected blood concentrations caused no interference 
with the catecholamine, cortisol, or histamine assays. 

Pain scores were determined on a visual analogue 
pain scale 15, 30, 45, and 60 min after nalbuphine 
administration. Since the patients were still narco- 
tized and intubated at the time of nalbuphine antag- 
onism, the visual analogue pain scores could not be 
determined. A period of 15 min was necessary for 
evaluating ventilation and safely extubating the pa- 
tients; hence this was the first opportunity to record 
pain scores. Preoperative instruction was given to the 
patients to assure understanding of the scale. On this 
scale, 10 is the most severe pain and 0 represents no 
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pain. The time interval between nalbuphine admin- 
istration and the first narcotic dose was recorded. Side 
effects were observed and recorded on a case report 
form. 

All values are expressed as means + SEM. 

Statistical analyses were carried out by utilizing the 
one-sample t-test, which uses as the sample the dif- 
ferences between the value at the control time (—15 
or 0 min) and each sample time. Determination of 
significance was also done by the two-sample f-test, 
but the one-sample t-test was superior because each 
patient at each time is paired with his or her own 
control. 


Results 
Endocrine Effects 


No significant changes in mean plasma-free norepi- 
nephrine or dopamine concentrations were observed 
at any time after nalbuphine antagonism of the fen- 
tanyl-induced respiratory depression (Fig. 1). Mean 
plasma-free epinephrine concentrations increased 
significantly at 15, 30, 45, and 60 min (P = 0.01). Mean 
plasma cortisol levels did not increase after antago- 
nism, nor did plasma histamine levels increase after 
nalbuphine (Fig. 2). 


Hemodynamics 


No significant increases in heart rate or systolic or 
diastolic pressure were observed following nalbu- 
phine (Fig. 3). No arrhythmias occurred. 


Ventilatory Effects 


Apnea was antagonized by a mean nalbuphine dose 
of 0.22 + 0.02 mg/kg and normal ventilation restored 
during the 60-min observation period in all ten pa- 
tients. A single dose of nalbuphine was required by 
one patient; two doses of nalbuphine were required 
by seven patients; one patient required three doses; 
and one patient required four doses. Ventilatory 
changes after antagonism by nalbuphine were as shown 
in Table 2. 

Respiratory rates and minute volumes were sig- 
nificantly (P < 0.001) lower at the time of nalbuphine 
administration (0 min) than they were 15 min before 
nalbuphine administration. Statistically significant (P 
< 0.001) increases in both respiratory rate and minute 
volume observed 15 min after nalbuphine injection 
were sustained throughout the 1-hr observation pe- 
riod (Table 2). 

Mean Paco, before antagonism, 56.3 + 1.6 mm 
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Figure 2. Changes in cortisol and histamine levels after nalbuphine 
antagonism of fentanyl-induced respiratory depression. None of 
the levels is significantly different from baseline. 


Hg, decreased significantly after antagonism by nal- 
buphine (Table 2). Since patients breathed oxygen 
before and after administration of nalbuphine, Pao, 
values were elevated above baseline normal values 
before and after the antagonism. The large standard 
errors also indicate marked variations in inhaled ox- 
ygen concentrations. Mean arterial pH and base ex- 
cess (BE) were not significantly altered throughout 
the 1-hr observation period after antagonism. No pa- 
tient had recurrence of respiratory depression in the 
24 hr after the 60-min observation period. 


Pain Relief 


Pain scores, utilizing an analogue scale of 0-10, did 
not increase until from 15-60 min after nalbuphine 
antagonism of the fentanyl-induced respiratory 
depression (Table 3). No earlier accurate determina- 
tion of the analogue pain scores than at 15 min was 
possible, since the patients remained narcotized and 
intubated at the time of nalbuphine antagonism. The 
15-min time period was necessary for recording ven- 
tilatory/circulatory changes and extubating the pa- 
tients. The time before administration of the first post- 
operative analgesic medication given at the request 
of the patient averaged 636.6 + 189.7 min after nal- 
buphine injection. Shivering and restlessness were 
observed in three patients after nalbuphine admin- 
istration and extubation. 


Discussion 


Antagonism of respiratory depression by analgesic 
antagonists such as n-allyl-normorphine or levallor- 
phan may be associated with adverse circulatory ef- 
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fects. Naloxone, a more selective narcotic antagonist, 
has a better therapeutic index, but adverse circulatory 
effects have been reported after its use (1-3). Al- 
though it is still debated as to whether some of these 
circulatory effects are related to the recurrence of pain 
after reversal, some reports claim that naloxone per 
se causes these effects. Since we observed no adverse 
circulatory changes and no increase in norepineph- 
rine and cortisol concentrations after antagonism of 
the respiratory depressant effect of fentanyl by nal- 
buphine, nalbuphine represents a viable alternative 
to naloxone for antagonism of respiratory depression 
induced by mu-agonist narcotics. The lack of hista- 
mine release after antagonism by nalbuphine may be 
particularly advantageous in patients with asthma or 
allergic diathesis. i 
Antagonism of the respiratory depressant effects 
of fentanyl was achieved at the end of anesthesia by 
intravenous nalbuphine administration in doses lower 
than those necessary for relief of postoperative pain 
(12-14). This observation is in accord with a number 
of recent reports (4-7). Whether nalbuphine in. the 
doses utilized further added to the pain relief of fen- 
tanyl or provided pain relief per se cannot be’ an 
swered from our study. One of the shortcomings of 


our experimental design was our inability to score 
pain in an accurate way prior to the administration 
of nalbuphine (0 min) in spite of the preoperative 
teaching of the patients. A few patients were able to 
indicate pain intensity on the analogue scale, how- 
ever, the majority were narcotized and uncooperative 
at the time of nalbuphine administration. Thus, we 
were able to evaluate pain scores only from 15 to 60 
min after the administration of nalbuphine. The fact 
that the mean analogue pain scores remained less 
than 1.5 units during this 45-min observation period 
certainly suggests, as do the catecholamine and cor- 
tisol blood levels, that pain was not being experi- 
enced—that is, that analgesia provided by the fen- 
tanyl was not being reversed. Furthermore, the long 
time between antagonism and administration of the 
first analgesic postoperatively certainly indicates the 
absence of pain in the immediate postoperative period 
following nalbuphine. 

Moreover, the lack of increase in plasma norepi- 
nephrine is additional evidence that the patients ex- 
perienced no pain during the observation period, since, 
as we previously reported, pain increases norepi- 
nephrine levels (15). In that earlier paper, we studied 
80 patients who had recovered from enflurane anes- 
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pain. The time interval between nalbuphine admin- 
istration and the first narcotic dose was recorded. Side 
effects were observed and recorded on a case report 
form. 

All values are expressed as means + SEM. 

Statistical analyses were carried out by utilizing the 
one-sample t-test, which uses as the sample the dif- 
ferences between the value at the control time (—15 
or 0 min) and each sample time. Determination of 
significance was also done by the two-sample t-test, 
but the one-sample t-test was superior because each 
patient at each time is paired with his or her own 
control. 


Results 
Endocrine Effects 


No significant changes in mean plasma-free norepi- 
nephrine or dopamine concentrations were observed 
at any time after nalbuphine antagonism of the fen- 
tanyl-induced respiratory depression (Fig. 1). Mean 
plasma-free epinephrine concentrations increased 
significantly at 15, 30, 45, and 60 min (P = 0.01). Mean 
plasma cortisol levels did not increase after antago- 
nism, nor did plasma histamine levels increase after 
nalbuphine (Fig. 2). 


Hemodynamics 


No significant increases in heart rate or systolic or 
diastolic pressure were observed following nalbu- 
phine (Fig. 3). No arrhythmias occurred. 


Ventilatory Effects 


Apnea was antagonized by a mean nalbuphine dose 
of 0.22 + 0.02 mg/kg and normal ventilation restored 
during the 60-min observation period in all ten pa- 
tients. A single dose of nalbuphine was required by 
one patient; two doses of nalbuphine were required 
by seven patients; one patient required three doses; 
and one patient required four doses. Ventilatory 
changes after antagonism by nalbuphine were as shown 
in Table 2. 

Respiratory rates and minute volumes were sig- 
nificantly (P < 0.001) lower at the time of nalbuphine 
administration (0 min) than they were 15 min before 
nalbuphine administration. Statistically significant (P 
< 0.001) increases in both respiratory rate and minute 
volume observed 15 min after nalbuphine injection 
were sustained throughout the 1-hr observation pe- 
riod (Table 2). 

Mean Paco, before antagonism, 56.3 + 1.6 mm 
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Figure 2. Changes in cortisol and histamine levels after nalbuphine 
antagonism of fentanyl-induced respiratory depression. None of 
the levels is significantly different from baseline. 


Hg, decreased significantly after antagonism by nal- 
buphine (Table 2). Since patients breathed oxygen 
before and after administration of nalbuphine, Pao, 
values were elevated above baseline normal values 
before and after the antagonism. The large standard 
errors also indicate marked variations in inhaled ox- 
ygen concentrations. Mean arterial pH and base ex- 
cess (BE) were not significantly altered throughout 
the 1-hr observation period after antagonism. No pa- 
tient had recurrence of respiratory depression in the 
24 hr after the 60-min observation period. 


Pain Relief 


Pain scores, utilizing an analogue scale of 0-10, did 
not increase until from 15-60 min after nalbuphine 
antagonism of the fentanyl-induced respiratory 
depression (Table 3). No earlier accurate determina- 
tion of the analogue pain scores than at 15 min was 
possible, since the patients remained narcotized and 
intubated at the time of nalbuphine antagonism. The 
15-min time period was necessary for recording ven- 
tilatory/circulatory changes and extubating the pa- 
tients. The time before administration of the first post- 
operative analgesic medication given at the request 
of the patient averaged 636.6 + 189.7 min after nal- 
buphine injection. Shivering and restlessness were 
observed in three patients after nalbuphine admin- 
istration and extubation. 


Discussion 


Antagonism of respiratory depression by analgesic 
antagonists such as n-allyl-normorphine or levallor- 
phan may be associated with adverse circulatory ef- 
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fects. Naloxone, a more selective narcotic antagonist, 
has a better therapeutic index, but adverse circulatory 
effects have been reported after its use (1-3). Al- 
though it is still debated as to whether some of these 
circulatory effects are related to the recurrence of pain 
after reversal, some reports claim that naloxone per 
se causes these effects. Since we observed no adverse 
circulatory changes and no increase in norepineph- 
rine and cortisol concentrations after antagonism of 
the respiratory depressant effect of fentanyl by nal- 
buphine, nalbuphine represents a viable alternative 
to naloxone for antagonism of respiratory depression 
induced by mu-agonist narcotics. The lack of hista- 
mine release after antagonism by nalbuphine may be 
particularly advantageous in patients with asthma or 
allergic diathesis. 

Antagonism of the respiratory depressant effects 
of fentanyl was achieved at the end of anesthesia by 
intravenous nalbuphine administration in doses lower 
than those necessary for relief of postoperative pain 
(12-14). This observation is in accord with a number 
of recent reports (4-7). Whether nalbuphine in the 
doses utilized further added to the pain relief of fen- 
tanyl or provided pain relief per se cannot be an- 
swered from our study. One of the shortcomings of 


our experimental design was our inability to score 
pain in an accurate way prior to the administration 
of nalbuphine (0 min) in spite of the preoperative 
teaching of the patients. A few patients were able to 
indicate pain intensity on the analogue scale, how- 
ever, the majority were narcotized and uncooperative 
at the time of nalbuphine administration. Thus, we 
were able to evaluate pain scores only from 15 to 60 
min after the administration of nalbuphine. The fact 
that the mean analogue pain scores remained less 
than 1.5 units during this 45-min observation period 
certainly suggests, as do the catecholamine and cor- 
tisol blood levels, that pain was not being experi- 
enced—that is, that analgesia provided by the fen- 
tanyl was not being reversed. Furthermore, the long 
time between antagonism and administration of the 
first analgesic postoperatively certainly indicates the 
absence of pain in the immediate postoperative period 
following nalbuphine. 

Moreover, the lack of increase in plasma norepi- 
nephrine is additional evidence that the patients ex- 
perienced no pain during the observation period, since, 
as we previously reported, pain increases norepi- 
nephrine levels (15). In that earlier paper, we studied 
80 patients who had recovered from enflurane anes- 
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Table 2. Ventilatory Changes after Antagonism of Fentanyl-Induced Ventilatory Depression by Nalbuphine 
15 min" 15 min 30 min 45 min 60 min 
prior to 0 after after after after 
nalbuphine min nalbuphine nalbuphine nalbuphine nalbuphine 
Minute volume 8,150.8 + 1,092.6 1,479.5 + 383.6% 10,598.0 + 1,185.59 10,919.60 + 989.6* 11,494.0 + 898.9% 10,517.0 + 791.15 
(ml/min) 
Tidal volume 575.4 + 44.2 351.6 + 92.8 577.4 + 56.4 556.0 + 51.7 620.0 + 45.9 587.7 + 35.0° 
(ml) 
Respiratory rate 14.5 + 2.3 ore ee a FY 18.8 + 1.6% 20.4 + 2.08 19.3 + 2.068 17.8 + 1.48 
(breaths/min) 
Pad, (mm Hg) 135.3 + 6.9 NA 173.1 £277 131.7 + 11.3 142.1 + 12.0 137.6 + 12.0 
Paco (mm Hg) 38.6 +3 56.322: 2° 44.3 + 18 49.4 + 7 41.5 + 18 42.1 + 18 
p 7.41 + 0.03 NA 7.34 + 0.01 7.34 + 0.01 7.35 + 0.01 7.36 + 0.01 
BE (mEq/L) =0.1 NA -1.8 =g —3.0 -1.6 


‘Ventilation was still manually assisted. 
Compared with —15 min: 'P = 0.05, P s 0.01, ‘P = 0.001. 
Compared with 0 min: ‘P s 0.05, /P = 0.01, ¢P = 0.001. 


Table 3. Pain Scores after Antagonism of Fentanyl 
by Nalbuphine 


; After antagonism 
Pain 
scores* 15 min 30 min 45 min 60 min 
Mean 1.4 1.0 0.8 0.8 
+ SEM 0.9 0.6 0.5 0.5 


‘Pain scores on an analogue scale of 0-10. 


thesia unsupplemented by analgesics and who had 
pain scores greater than 7 on an analogue pain scale 
of 0-10, and found markedly elevated concentrations 
of plasma norepinephrine and cortisol. The lack of 
increase in cortisol concentrations after the antago- 
nism by nalbuphine in the present study indicates 
that no postoperative stress occurred in our patients. 
Hence, the patients in the present study had no sub- 
jective experience of pain, since pain is usually as- 
sociated with an increased adrenocortical response as 
reflected in increased plasma free cortisol levels. The 
present data do not indicate whether the fentanyl- 
induced analgesia persisted after antagonism of its 
respiratory depressant effect or whether nalbuphine 
per se provided analgesia. This question requires fur- 
ther study. 

The significant increase in mean epinephrine con- 
centrations in the present study might have resulted 
from the combination of increased sympathetic activ- 
ity associated with extubation and/or shivering and 
restlessness that occurred in some patients after ex- 
tubation and transport to the recovery room. A similar 
hemodynamic response to antagonism of respiratory 
depression of fentanyl by nalbuphine in some cardiac 
patients has also been reported by Moldenhauer et 
al. (6). The increased hemodynamic response in com- 
bination with shivering and increased motor activity 


may explain the mean of 49 mm Hg CO, level found 
in our study (see Table 2) and the 47 mm Hg reported 
by Tabatabai et al. (7). 

The dose of nalbuphine utilized in our study, 0.22 
mg/kg, exceeded the dose of 0.1 mg/kg that has been 
reported to be effective for full antagonism of respi- 
ratory depression caused even by large doses of fen- 
tanyl (6,7). The reason for this lies in differences in 
methods. Both Moldenhauer et al. (6) and Tabatabai 
et al. (7) used incremental doses of nalbuphine of less 
than 0.1 mg/kg without a rigid time frame, in contrast 
to our fixed dosage schedule. We aimed at achieving 
prompt and complete antagonism of the fentanyl-in- 
duced respiratory depression followed by extubation 
within the first 15 min; hence, we gave several ad- 
ditional incremental doses of 0.1 mg/kg nalbuphine 
to the patients who were not promptly antagonized 
at 3 and 6 min according to our fixed time schedule. 
Some of these doses might have been unnecessary 
and in excess of doses required for full antagonism, 
since our protocol did not allow sufficient time for the 
development of a complete drug effect. Since the com- 
pletion of this study, we have utilized only 30 pg/kg 
of nalbuphine incrementally in clinical practice and 
seldom require more than two or three doses, totaling 
0.1 mg/kg. Despite the adequate antagonism of the 
fentanyl-induced respiratory depression in our study, 
the higher than normal Paco, we observed and that 
reported by others (7), emphasize the need for careful 
observation of the ventilatory status of the patient 
after reversal since renarcotization may occur, as Mol- 
denhauer et al. (6) have observed. The hemodynamic 
status of the patients should also be carefully watched, 
since increases in blood pressure (7) and plasma epi- 
nephrine levels as shown in our study may occur in 
some patients. 
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In conclusion, nalbuphine promptly and effectively 
antagonizes the respiratory depression caused by fen- 
tanyl. The lack of increases in plasma levels of nor- 
epinephrine or cortisol and the absence of increases 
in mean analogue pain scores above 1.5 after nalbu- 
phine administration indicate that either the analgesic 
effect of fentanyl remained unaffected or nalbuphine 
itself provided analgesia for the postoperative pain. 
No adverse circulatory changes or histamine release 
took place during this antagonism. 


This study, conducted from July 12 to October 22, 1982, was sup- 
ported in part by Dupont Pharmaceuticals Co., Inc., Wilmington, 
DE. We are grateful to our surgical colleagues for the permission 
to include their patients in our investigations and to the patients 
who cooperated in the study. The participation of operating room 
and recovery room nurses is hereby acknowledged. We are par- 
ticularly indebted to Gary L. Smith, PhD, of Smith Kline Clinical 
Laboratories, who carried out special studies on the effect of drugs 
used during anesthesia on the reproducibility of catecholamine, 
cortisol, and histamine assays. 
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This study was designed to investigate the effect of three 
different priming doses of atracurtum—0.06, 0.07, and 0.08 
mg/kg—followed 3 min later by the remainder of a 0.5 mg/kg 
dose on the relationship between the depression in the first 
twitch of the train-of-four (T1) and train-of-four (TOF) fade. 
This relationship was studied after the administration of the 
full dose of the relaxant in all groups. Of all the priming 
doses, 0.08 mg/kg atracurium, when followed 3 min later 


The “priming principle” refers to the administration 
of a small (subparalyzing) dose of a nondepolarizing 
muscle relaxant a few minutes before the administra- 
tion of the larger (intubating) dose (1). The onset of 
neuromuscular blockade can be accelerated by this 
maneuver (2—6). The priming dose is expected to oc- 
cupy some of the prejunctional and/or postjunctional 
receptors at the neuromuscular junctions without 
blocking neuromuscular transmission, but subse- 
quent doses will have a more rapid and more pro- 
found effect (7). 

Bowman (8) suggested that the single twitch 
depression and train-of-four (TOF) fade are indepen- 
dent effects of neuromuscular blocking drugs, the for- 
mer being the result of postjunctional block and the 
latter arising from the action at prejunctional recep- 
tors. Current evidence suggests that atracurium im- 
pairs neuromuscular transmission at both presynaptic 
and postsynaptic sites in the region of the motor end 
plate (9,10). The extent of interaction of the priming 
doses of atracurium with the aforementioned binding 
sites has not been explored. 
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by 0.42 mg/kg atracurium, had a significantly greater fade 
in the TOF ratio at any given T1 value. This may indicate 
significant prejunctional activity. Acceleration of the onset 
of neuromuscular blockade was, however, evident in all 
groups that received atracurium in divided doses. The im- 
plication is, therefore, that prejunctional activity may not 
contribute significantly to the acceleration of onset of neu- 
romuscular blockade after administration of atracurium in 
divided doses, as described in this study. 


Key Words: NEUROMUSCULAR RELAXANTS— 
atracurium. 


This study was designed to investigate the effects 
of different combinations of priming and intubating 
doses on the relationship between the depression in 
the first twitch of the TOF and TOF fade. 


Methods 


After institutional approval, 32 ASA physical status I 
or II patients undergoing elective surgical procedures 
were studied. All patients were free of neuromus- 
cular, renal, or hepatic disease; none were taking drugs 
known to interfere with neuromuscular function. In- 
formed consent was obtained. All patients were pre- 
medicated with diazepam 10-15 mg orally 90 min pre- 
operatively. 

An intravenous infusion of lactated Ringer’s so- 
lution in 5% dextrose was established prior to induc- 
tion of anesthesia. The ECG and nasopharyngeal tem- 
perature were monitored continuously by a Medishield 
M1 monitor. Blood pressure was measured every 5 
min by an electronic oscillotonometer (Dinamap). 

In all patients, anesthesia was induced with fen- 
tanyl 2 ng/kg and thiopental 5 mg/kg, and was main- 
tained with 70% nitrous oxide in oxygen and incre- 
mental doses of fentanyl or thiopental, or both, as 
required to maintain stable balanced anesthesia. Ven- 
tilation was assisted using a face mask and circle ab- 
sorption system to maintain normocapnia and end- 
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Table 1. Demographic Data (n = 8 in Each Group) 


Age Weight Sex 

(yr) (kg) (M/F) 
Group I 31 + 4.9 61.2 + 10.3 1/1 
Group N 25.3 + 4.7 59.8 + 7.5 1/1 
Group III 28: > 6.7 61.7 + 6.8 1/1 
Group IV 27.2 + 7.7 Mel E Bs 1/1 


tidal CO, was monitored using a Datex infrared CO, 
analyzer. 

After induction of anesthesia, the thumb of a re- 
strained arm was attached to a force displacement 
transducer to record the response of the adductor 
pollicis to supramaximal stimulation of the ulnar nerve, 
using a Myotest peripheral nerve stimulator (Biom- 
eter) and a neuromuscular function analyzer with a 
continuous pen and paper recorder (Myograph 2000 
Biometer) (11). The preload tension on the thumb was 
maintained at 300 g throughout the investigation. 

Four square-wave impulses of 0.2 msec duration 
and 2-Hz frequency were repeated every 10 sec. After 
stabilization of the twitch recording, patients were 
assigned randomly to one of four groups (n = 8 in 
each). Stratified sampling was used to obtain an even 
sex distribution. The same total dose of atracurium, 
0.5 mg/kg, was given to all patients. Atracurium was 
administered as an initial dose of 0.06 (group I), 0.07 
(group H), or 0.08 mg/kg (group HI) and followed 3 
min later by the rest of the 0.5 mg/kg dose. In group 
IV (controls), atracurium was administered as a single 
bolus dose. 

The TOF ratio (the amplitude of the fourth to the 
first evoked response; T4/T1) was recorded before 
administration of atracurium in all groups. The max- 
imum effect of the priming dose on the TOF ratio was 
also recorded. 

The TOF ratios were measured at 5% decrements 
of T1 evoked tension after the administration of the 
intubating (second) dose of atracurium in groups I, 
H, and Il, and after the administration of the single 
dose in group IV. 

Onset time (time from the end of injection of the 
intubating dose to the development of complete 
depression of all four responses to TOF stimulation} 
was determined. Tracheal intubation was performed 
immediately after complete TOF suppression in all 


groups. 


Statistics 
The individual values of TOF ratios after administra- 


tion of the second dose of atracurium in groups I, I, 
and III and after administration of the single dose in 
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Figure 1. Relationship between the depression in T1 (percent of 
control) and TOF fade for the four groups studied (n = 8 in each). 
All patients received 0.5 mg/kg atracurium in either a single dose 
(group IV) or an initial dose of 0.06 (group J), 0.07 (group I), or 
0.08 mg/kg atracurium (group IM) followed 3 min later by the rest 
of the 0.5 mg/kg dose. The vertical distance for the regression line 
in group III was found to be significantly different (P < 0.01) from 
that in the other groups. 


group IV were utilized for linear regression analysis. 
The independent and dependent variables, respec- 
tively, were T1 and TOF ratio. Linearity of the regres- 
sion lines was confirmed by the analysis of variance 
test for linearity (12). Then we tested the lines to de- 
termine if they deviated from parallelism. If they did 
not, the pooled slope, b, was calculated. Regression 
lines were compared using analysis of covariance. The 
relative positions of the lines were expressed by the 
calculatien of a corrected mean value of y for each 
group. If the vertical distance between the parallel 
regression lines was found to be different, a t-test was 
applied to determine which lines differed in elevation 
(12). 

Using analysis of variance, we compared mean age, 
body weight, and onset time among groups. A paired 
Student's t-test was applied to compare the TOF ratios 
before and after the administration of the priming 
dose in each group. For all statistical comparisons, 
differences were considered significant when P < 0.01. 


Results 


Results are expressed as means + sD. There were no 
significant differences among the four groups with 
respect to age and body weight (Table 1). 


PREJUNCTIONAL EFFECTS OF PRIMING DOSES 


Table 2. Effect of Priming Dose on TOF Ratios 
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TOF ratios 
Priming dose Maximum effects Onset time 
Group* (mg/kg) of priming dose pe (secs) 
I 0.06 0.94 + 0.05 0.047 76.5 + 20,7 
II 0.07 0.94 + 0.02 0.003 64.3 £ 22 
Il 0.08 0.86 + 0.07 0.002 77.2 + 16.4° 
IV = ~ 137.1 + 38.5 


‘n = 8 in each group. 


Student's t-test, when compared with TOF ratios before injection of the priming doses. 
‘Onset times were significantly (P < 0.01) faster in the groups given atracurium in divided doses. 


The TOF ratio decreased significantly to 0.94 + 
0.02 and 0.86 + 0.07 after the priming doses in groups 
iI and III, respectively (Table 2). The reduction in the 
TOF ratio after priming with 0.06 mg/kg in group I 
was not statistically significant (P = 0.047). 

The mean onset times were 76.5 + 20.7, 64.3 + 
22, and 77.2 + 16.4 sec in groups I, H, and M, which 
received atracurium in divided doses (Table 2). This 
was significantly faster than it was in patients in the 
control group who were given the same dose of atra- 
curium as a single bolus injection. 

The test of difference between slopes indicated that 
the regression lines did not deviate from parallelism. 
The common slope was highly significant (P = 5.4 x 
10~""). The pooled slope, b, was estimated to be 0.006. 
Analysis of covariance yielded a significant difference 
in the positions of the lines. Figure 1 demonstrates 
the relative positions of the lines after the calculation 
of the corrected mean value of y (TOF ratio) for each 
group. These parallel lines (Fig. 1) were drawn through 
the mean points, each with the same slope, b. 

The common slope equations for all groups are: 


Group I: Y, = 0.311 + 0.006x 
Group H: Y, = 0.286 + 0.066x 
Group M: Y. = 0.229 + 0.006x 
Group IV: Y, = 0.314 + 0.006x 


The subscript c is used to indicate that the predicted 
values Y, were obtained using the common slope b. 

The vertical distance for the regression line in group 
lif was found to be significantly different from that 
in the other groups. 


Discussion 


Nondepolarizing muscle relaxants have both pre- and 
postjunctional blocking effects (8-10). The prejunc- 
tional action consists of blockade of a population of 
nicotinic autoreceptors that are normally activated by 
the transmitter (acetylcholine) and that serve to me- 


diate mobilization of reserve transmitter to the readily 
releasable form within the terminal axoplasm (13). It 
is believed that these prejunctional autoreceptors 
function in a positive feedback control system that is 
activated by the transmitter itself and that.serves to 
maintain availability of acetylcholine when demand 
for it is high (8,13). There is evidence that prejunc- 
tional receptors control an ion channel that is specific 
for sodium (14). Sodium is essential for the synthesis 
and mobilization of the transmitter but is not directly 
involved in the release process itself (14). Standaert 
suggested that fade may be due to blocking of cho- 
linergic sodium channels in the nerve ending (15). 
Nevertheless, whether the nondepolarizing relaxants 
occupy the prejunctional receptors or block sodium 
channels, the end result is the same—that is, dimin- 
ishing the release of acetylcholine from nerves stim- 
ulated at high frequency (14). 

In this study, the same total dose of atracurium, 
0.5 mg/kg, was given to all patients. Therefore, we 
would predict that after administration of the total 
dose of atracurium, the relationship between T1 and 
the TOF ratio at a given degree of neuromuscular 
block would be constant and would not vary with the 
method of drug administration. However, this was 
not the case. Therefore, the difference in the TOF ratio 
and T1 relationships may reflect a difference in pre- 
and postjunctional influences of the priming doses on 
the intubating doses. If this interpretation is correct, 
the different priming doses studied (0.06, 0.07, and 
0.08 mg/kg atracurium) appeared to have different 
affinities for the prejunctional and postjunctional re- 
ceptors. Of all the priming doses, only 0.08 mg/kg 
significantly affected the prejunctional activity of the 
intubating dose. This might indicate that the pre- 
junctional activity of the priming doses is dose re- ` 
lated, being evident only with higher doses. 

Doherty et al. (5) observed no prejunctional activity 
after administration of pancuronium in an initial dose 
of 0.007 mg/kg followed 3 min later by 0.063 mg/kg. 
Hughes and Payne (16) studied the effect of atracu- 
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rium on TOF and tetanic stimulation in humans. They 
reported that the fade of the fourth response of the 
TOF in the presence of atracurium was greater than 
that produced in tetanic response. 

The present study was not designed primarily to 
assess the effect of the method of drug administration 
on the rate of onset of neuromuscular block. Never- 
theless, our results confirm that administration of 
atracurium in divided doses has a more rapid onset 
of action than the single bolus injection, as reported 
previously (1—3,5—7). The acceleration of onset of neu- 
romuscular blockade was evident in all groups that 
received atracurium in divided doses, but the pre- 
junctional activity was significant only in group I. 
The implication, therefore, is that preyunctional activ- 
ity did not contribute significantly to the acceleration 
of the onset of neuromuscular blockade. Further sup- 
port should come from intracellular recording tech- 
niques in which the effect of the priming dose on the 
amplitude and frequency of the miniature end-plate 
potential can be obtained. 

It has been shown that 70-75% of the end-plate 
receptors must be occupied by relaxant before the 
TOF ratio is affected (17). In this study, priming doses 
in the range of 0.07-0.08 mg/kg were associated with 
small but statistically significant reductions in the TOF 
ratios. 

The present results indicate that after administra- 
tion of atracurium as a single dose of 0.5 mg/kg or in 
an initial (priming) dose of 0.06 or 0.07 mg/kg followed 
3 min later by the rest of the 0.5 mg/kg dose, the 
relationship between the depression of T1 and TOF 
fade at a given degree of neuromuscular blockade was 
not significantly different. In contrast, administration 
of 0.08 mg/kg atracurium followed 3 min later by 0.42 
mg/kg atracurium resulted in a significantly greater 
fade in the TOF ratio at any given TT value. This 
indicates that of all the priming doses studied (0.06, 
0.07, and 0.08 mg/kg atracurium), the last dose sig- 
nificantly affected the prejunctional activity of the in- 
tubating dose. As the acceleration of onset of the neu- 
romuscular blockade was evident in all groups that 
received atracurium in divided doses, it can be con- 
cluded that this prejunctional activity did not con- 
tribute significantly to the acceleration. 


NAGUIB ET AL. 


The authors wish to thank Mrs. Nida D. Dela Cruz and Ms. Anelia 


Manzanilla for their secretarial assistance. 


References 


1. Gergis 5D, Sokoll MD, Mehta M, Kemmotsu O, Rudd GD. 
Intubation conditions after atracurium and suxamethonium. Br 
J Anaesth 1983;55(Suppl 1):835-6S. 


2. Naguib M, Gyasi HK, Abdulatif M, Absood GH. Rapid tracheal 
intubation with atracurium. A comparison of priming intervals. 
Can Anaesth Soc J 1986;33:150—6. 


3. Naguib M, Abdulatif M, Absood GH. The optimal priming dose 
for atracurium. Can Anaesth Soc J 1986;33:453-7. 


4. Miller RD. The priming principle. Anesthesiology 1985;62:381-2. 


5. Doherty WG, Breen PJ, Donati F, Bevan RD. Accelerated onset 
of pancuronium with divided doses. Can Anaesth Soc J 1985;32: 
1-4. 


6. Shwarz S, Ilias W, Lackner F, Mayhofer O, Foldes FF. Rapid 
tracheal intubation with vecuronium. The priming principle. 
Anesthesiology 1985;62:389-91. 


7. Mehta MP, Choi W, Gergis SD, Sokoll MD, Adolphson A. 
Facilitation of rapid sequence endotracheal intubations with 
divided doses of nondepolarizing neuromuscular blocking drugs. 
Anesthesiology 1985;62:392-5. 


8. Bowman WC. Prejunctional and postjunctional cholinoceptors 
at the neuromuscular junction. Anesth Analg 1980;59:935-43. 


9. Wali FA. Assessment of the presynaptic effect of atracurium. 
Train-of-four and tetanic stimulation in vitro preparations. Acta 
Anaesthesiol Scand 1985;29:657—62. 


10. Otagiri T, Sokoll MD. A microelectrode study of the effects of 
atracurium on neuromuscular transmission. Anesth Analg 
1986;65:345—9. 


11. Viby-Mogensen J. Clinical evaluation of neuromuscular trans- 
mission. Br J Anaesth 1982;54:209-23. 


12. Armitage P. Statistical methods in medical research. First edi- 
tion. London: Blackwell Scientific Publications, 1971:269-~301. 


13. Bowman WC, Marshall IG, Gibb AJ. Is there feedback control 
of transmitter release at neuromuscular junction? Sem Anesth 
1984;3:275-83. 


14. Standaert FG. The doughnut and its hole. Clin Anaesthesiol 
1985;3:243-59. 


15. Standaert FG. Release of transmitter at the neuromuscular junc- 
tion. Br J Anaesth 1982;54:131—45. 


16. Hughes R, Payne JP. Atracurium: assessment by tetanic and 
train-of-four responses of the adductor pollicis muscle in an- 
aesthetized man. Br ] Anaesth 1983;55:239. 


17, Waud BE, Waud DR. The relation between the response to 
“train-of-four”’ stimulation and receptor occlusion duririg com- 
petitive neuromuscular block. Anesthesiology 1972;37:413-6. 


ANESTH ANALG 431 
1987;66:431—4 





Changes in Anterior Fontanel Pressure in Preterm Neonates 
Receiving Isoflurane, Halothane, Fentanyl, or Ketamine 


Robert H. Friesen, MD, Rita E. Thieme, BSN, Albert T. Honda, MD, and 


John E. Morrison Jr, MD 


FRIESEN RH, THIEME RE, HONDA AT, MORRISON JE. 
Changes in anterior fontanel pressure in preterm neonates 
receiving isoflurane, halothane, fentanyl, or ketamine. 
Anesth Analg 1987;66:431—4. 


The effects of anesthetics on intracranial pressure (ICP) may 
be different in preterm neonates than in adults because the 
neonate’s cranial sutures are not yet fused. The authors 
monitored changes in anterior fontanel pressure (AFP), a 
noninvastve indicator of ICP, during anesthesta tn 44 pre- 
term neonates without neurologic disease. Atropine, 0.02 
mg/kg, and pancuronium, 0.1 mg/kg, were given intrave- 
nously to all patients, who were ventilated with oxygen and 
air. Anterior fontanel pressure was monitored and recorded 
continuously with a Ladd AFP monitor. Systolic blood pres- 
sure (SAP) and mean blood pressure (MAP) were recorded 
at 1-min intervals. After a 5-min control period of stable 
AFP, each of the four groups of 11 patients then recetved 


The effects of anesthetic drugs on intracranial pres- 
sure (ICP) have been documented in adult patients 
with and without neurologic disease and in animals 
(1-8). Conclusions of these studies may not be ap- 
plicable to preterm neonates for two reasons. First, 
the preterm neonate is physiologically immature and 
has different neurologic (9) and cardiovascular (10) 
responses than the older infant and adult. Second, 
the open sutures of the neonate’s cranium are an an- 
atomic feature not present in the subjects of previous 
studies. 

It is desirable to document the effects of anesthetics 
on ICP in preterm neonates because intraventricular 
hemorrhage (IVH), a serious and common occurrence 
in preterm neonates (11-13), has been suggested as 
being associated with the perioperative period (14,15). 
Furthermore, preterm neonates with hydrocephalus 
or IVH who require anesthesia may already have el- 


Received from the Departments of Anesthesiology and Peri- 
natology, The Children’s Hospital, Denver, Colorado. Accepted 
for publication December 8, 1986. 

Address correspondence to Dr. Friesen, Department of Anes- 
thesiology, The Children’s Hospital, 1056 East 19th Avenue, Den- 
ver CO 80218. 


mM AGO" Le. Loa Fis. td A Lt Oe L i ta 


either 0.75% isoflurane, 0.5% halothane, 20 pgikg fen- 
tanyl, or 2 mg/kg ketamine. Anterior fontanel pressure de- 
creased 11% during isoflurane administration, 9% during 
halothane administration, 10% after fentanyl, and 10% 
after ketamine. These changes were statistically significant, 
but clinically mild, and AFP remained within the normal 
range. Statistically significant decreases in SAP and MAP 
occurred during isoflurane and halothane administration, 
but not after fentanyl or ketamine. The authors conclude 
that indirectly measured ICP decreases slightly in preterm 
neonates without neurologic disease after administration of 
the anesthetics studied. The difference between these results 
and those of studies of ICP in adults is presumably due to 
the compliance of the neonate’s open-sutured cranium. 


Key Words: BRAIN—intracranial pressure. ANES- 
THESIA—vediatric. ANESTHETICS, VOLATILE. 


evated ICP and could be at risk for neurologic dete- 
rioration. Accordingly, this study was undertaken to 
document changes in anterior fontanel pressure (AFP), 
an indirect monitor of ICP, in preterm neonates dur- 
ing general anesthesia using isoflurane, halothane, 
fentanyl, or ketamine. 


Methods 


Forty-four preterm neonates (conceptual age less than 
37 weeks; weight less than 2500 g) requiring a variety 
of surgical procedures were studied prospectively by 
methods approved by the institutional review board. 
All patients were ASA physical status 3 or 4. None 
of the patients had neurologic disease, were receiving 
vasoactive or inotropic drugs, or were given pre- 
anesthetic medication. Characteristics of the patient 
population are shown in Table 1. Conceptual age 
ranged from 26-36 weeks; weight ranged from 640 to 
2250 g. The four groups were similar. 

We measured AFP with the Ladd monitor (Ladd 
Research Industries, Inc., Burlington, VT). This pres- 
sure transducer was designed for noninvasive ICP 
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Table 1. Patient Population 
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SEE 


Isoflurane 


Postnatal age (day) 19.4 + 20.7 
Conceptual age (wk) 39:2 £ 25 
Weight (g) 1541 + 414 


Urine specific gravity 1.011 + 0.006 | 


Values are mean +sD;n = 11 in each group. 


monitoring and uses a fiberoptic sensor and a pneu- 
matic tube and bellows operating on the applanation 
principle. The principle and the monitor have been 
previously described (16-18). Acceptable accuracy and 
correlation with directly measured ICP have been 
demonstrated (16,19-21). 

On arrival in the operating room, monitoring de- 
vices were applied, the patient's scalp over the an- 
terior fontanel was shaved, and tincture of benzoin 
was applied to the surrounding skin. Because appli- 
cation force of the Ladd sensor can affect the accuracy 
of its measurements (22,23), we used the application 
technique described by Hill and Volpe (20). This tech- 
nique, using adhesive foam to secure the sensor over 
the anterior fontanel, is both accurate and reliable 
(20). We used the Ladd 10004 sensor, the Ladd M1000 
pressure monitor, and a Ladd recorder. 

Atropine, 0.02 mg/kg, and pancuronium, 0.1 mg/kg, 
were administered intravenously. Ventilation with air 
and oxygen was controlled manually using a nonre- 
breathing system (Jackson Rees’ modification of Ayre’s 
T-piece) in such a way that transcutaneous Pco, (No- 
vametrix Medical Systems, Inc., Wallingford, CT) was 
maintained around 35 mm Hg. Fio, was adjusted to 
maintain SaO, (Nellcor, Hayward, CA) between 
90-92%. 

Heart rate (HR), systolic blood pressure (SAP), and 
mean blood pressure (MAP) were measured and re- 
corded at 1-min intervals with a Dinamap 847 monitor 
and printer (Critikon, Inc., Tampa, FL). 

After the monitors were applied and the atropine 
and pancuronium were given, radiant heating devices 
maintained the patients’ temperatures while AFP was 
observed. The patients were not moved or otherwise 
disturbed during this time, which was designated the 
baseline period. After AFP had been stable for 5 min, 
the patients were divided into four groups of 11 pa- 
tients each using a table of random numbers. Group 
l received inhalation isoflurane 0.75%. Group 2 re- 
ceived inhalation halothane 0.5%. Group 3 received 
20 ug/kg fentanyl intravenously. Group 4 received 2 
mg/kg ketamine intravenously. 

Anterior fontanel pressure was monitored for 10 
min after anesthetic administration. During this time, 
controlled ventilation was maintained, but the pa- 


Halothane 


10.5 
eI 
1281 
.005 


Fentanyl Ketamine 


oe Oe 12.8 + 15.9 15.7 + 14.9 
+30 306G & 25 302 Sao 
+ 467 1157 + 344 1198 + 418 
+ 0.002 1.007 + 0.003 1.008 + 0.003 


tients were not otherwise moved or touched. After 
10 min, the patients were positioned and prepared 
for operation, and data collection for the study ceased. 

All but six patients (three in group 1, one each in 
groups 2, 3, and 4) had endotracheal tubes in place 
prior to the study. The six unintubated patients were 
ventilated by mask after pancuronium administration 
and during the 10 min after anesthetic administration; 
they were intubated only after data for the study had 
been collected. The mask was gently applied to the 
patients’ faces without head movement to avoid af- 
fecting AFP measurement. Intravenous fluids and in- 
fusion rates were maintained at preoperative levels, 
which varied according to the patients’ diseases and 
preoperative conditions. 

Statistical analysis of the data was carried out using 
repeated measures analysis of variance. Statistical sig- 
nificance was assumed when P < 0.05. 


Results 


The results are displayed in Table 2. Anterior fontanel 
pressure decreased 11% during administration of 0.75% 
isoflurane, 9% during administration of 0.5% halo- 
thane, 10% after administration of 20 wg/kg fentanyl, 
and 10% after administration of 2 mg/kg ketamine. 
These changes were statistically significant (P < 0.05). 
There were no significant differences among the groups 
in either absolute AFP values or their changes. 

Statistically significant decreases in SAP and MAP 
occurred during administration of isoflurane and 
halothane, but not after fentanyl or ketamine. The 
differences among the groups in SAP and MAP levels 
were not statistically significant. 


Discussion 


The results of this study demonstrate that adminis- 
tration of isoflurane, halothane, fentanyl, or ketamine 
during controlled ventilation to preterm neonates 
without neurologic disease causes a slight decrease 
in AFP. The decrease in AFP in each group was sta- 
tistically significant. Because AFP is a reliable indi- 
cator of ICP (16,19-21), we conclude that administra- 
tion of these anesthetics results in a mild decrease in 
ICP in preterm neonates. 


ANESTHESIA FOR PRETERM NEONATES 
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Table 2. Changes in Anterior Fontanel Pressure, Systolic Blood Pressure, and Mean Blood Pressure during Anesthesia 


in Preterm Neonates 


Isoflurane 
Baseline AFP (cm H20) 6.5 + 2.6 
Anesthesia AFP 5.8 + 2.9 
Percent change "n 
Baseline SAP (mm Hg) 62 + 13 
Anesthesia SAP 59:2 17 
Percent change =I 
Baseline MAP (mm Hg) 52 + 12 
Anesthesia MAP 43 + 11" 
Percent change =17 
Ptcco (mm Hg) 34+ 5 


Halothane Fentanyl Ketamine 
54 + 1.3 6.1 + 1.9 7.0 = 2.7 
49+ 1.5 5.5 + 1.9" 6.6 + 2.4" 
—9 —10 —10 
56 + 15 56 + 19 56 + 14 
46 + 13 49 + 19 53 + 14 
— 18 -13 —5 
454+ 14 46 + 16 44 + 11 
35 + 10 37 + 15 42 + 10 
—22 —20 —4 
36 + 4 35 + 6 34 + 6 


Abbreviations: AFP, anterior fontanel Ais SAP, systolic blood pressure; MAP, mean arterial pressure, Ptccoz, transcutaneous pressure of CO). 


Values are mean +SD; n = 11 in each 


Significantly different from baseline (P < 0. 05) by repeated measures analysis of variance. 


The results of this study are similar to those of 
studies of fentanyl in adult neurosurgical patients. In 
those studies, fentanyl, in combination with droper- 
idol, was associated with a decrease in ICP during 
normocapnia (3,4). 

However, these results are not consistent with most 
data from previously published studies of the other 
anesthetics in adults and animals. Isoflurane in- 
creased ICP significantly in normal cats and adult neu- 
rosurgical patients during normocapnia (7,8), but not 
in neurosurgical patients during hypocapnia (7). 
Halothane caused a significant increase in ICP in both 
normal and neurosurgical patients (1,2), which was 
attenuated by prior establishment of hypocapnia (2). 
Administration of ketamine to normal and neuro- 
surgical adult patients also resulted in significant in- 
creases in ICP (5,6). None of these anesthetics caused 
an increase in AFP during normocapnia in our pre- 
term neonates. 

The apparent explanation for the differences be- 
tween our results and those of the adult studies lies 
in the fact that the neonate’s cranial sutures are not 
fused. Thus, the increase in cerebral blood volume 
observed after halothane and ketamine (24) results in 
an increase in ICP in the noncompliant closed cranium 
of the adult, but not in the compliant open cranium 
of the neonate. 

The mechanism of the decrease in AFP that we 
observed in our patients cannot be explained by our 
data. Although the decreases in AFP were statistically 
significant, they were small and are probably of little 
clinical significance. The clinical importance of the 
results lies in the observation that AFP did not in- 
crease significantly after isoflurane, halothane, and 
ketamine, as ICP does in adults (1,2,5-8). 

The data suggest that administration of the de- 


scribed doses of isoflurane, halothane, fentanyl, or 
ketamine does not introduce another risk factor for 
the development of IVH to neurologically normal pre- 
term neonates. Although IVH is a multifactorial prob- 
lem (13,25), suggestions that the perioperative period 
is one of greater risk for the development of IVH have 
been made (14,15) and refuted (26). Among the many 
factors associated with IVH are three which are of 
particular note in this context: changes in SAP of greater 
than 100% (25), fluctuations in cerebral blood flow 
(CBF) velocity of greater than 30% (27), and increased 
AFP (21,28). The anesthetics used in this study do 
not cause SAP changes of that amount (29), and the 
use of pancuronium has been shown to eliminate fluc- 
tuations in CBF velocity (27). The present study, 
therefore, adds further evidence that the anesthetic 
drugs described are safe to use with regard to devel- 
opment of IVH. 

Another clinical implication of this study is the sug- 
gestion that perhaps none of the four anesthetics 
studied is contraindicated in preterm neonates with 
neurologic diseases, such as IVH or hydrocephalus, 
which may be accompanied by increased ICP. How- 
ever, the open cranial sutures of preterm neonates 
can be expected to accommodate only a limited in- 
crease in intracranial volume before loss of compli- 
ance occurs, sO we cannot support this suggestion. 
Studies of AFP changes during anesthesia in preterm 
neonates with neurologic disease should answer this 
question. 

We conclude that administration of isoflurane, 
halothane, fentanyl, or ketamine to preterm neonates 
without neurologic disease is associated with a slight 
decrease in indirectly measured ICP. This study dem- 
onstrates that significant differences in the effects of 
anesthetics on ICP exist between preterm neonates 
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and adults. Further studies are recommended to eval- 
uate changes in AFP during anesthesia of preterm 
neonates with neurologic disease. 
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Central venous plasma concentraticns of bupivacaine were 
determined in two groups of 15 parturients each who were 
given epidural analgesia for labor and vaginal deltvery. One 
group received 10 ml of 0.125% buvivacaine plus epineph- 
rine 1:800,000, the other group received 7 ml of 0.375% 
bupivacaine plus epinephrine 1:80),000. Plasma concen- 
trations of bupivacaine in the umbilical venous (UV) and 
the umbilical arterial (UA) blood of their babies were also 
determined. The mean UA, UV, and maternal central ve- 
nous (MV) plasma concentrations of bupivacaine differed 
significantly between the two groups: in patients given 


Several authors have reported good results from us- 
ing 0.125% bupivacaine plus epinephrine 1:800,000 
for epidural analgesia for labor and vaginal delivery 
(1-4). Nevertheless the most widely used concentra- 
tions of bupivacaine used in obstetrics range from 
0.25% to 0.5%. Many studies of the use of bupivacaine 
in obstetrics have included measurements of concen- 
trations of bupivacaine in mothez and newborn as- 
sociated with epidural analgesia for childbirth (2,5-24) 
(Table 1). However, most of these measurements were 
made by means of peripheral venous samples and/or 
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0.375% bupivacaine UA values were 63% higher (P < 0.01), 
UV values were 57% higher (P < 0.01), and the MV values 
were 34% higher (P < 0.05) than in patients given 0.125% 
bupivacaine. The measured plasma concentrations speak in 
favor of the less concentrated solution of bupivacaine in 
epidural analgesia for obstetrics. Seven milliliters of bupiv- 
acaine 0.375% is suitable for epidural analgesia in obstetrics 
but a low concentration—low dose technique, using 10 ml 
of bupivacaine 0.125% plus epinephrine 1:800,000 is safer. 
It provides good analgesia with minimal or no motor block 
and is associated with low maternal and neonatal plasma 
concentrations of bupivacaine, well below toxic levels and, 
to our knowledge, lower than in any other study. 


Key Words: ANESTHETICS, Locat—bupivacaine. 
ANESTHESIA—obstetric. ANESTHETIC TECH- 
NIQUES—epidural. 


whole blood samples, both of which may give lower 
values than central venous plasma concentrations (25). 

To see if we could obtain lower maternal and feta 
plasma concentrations with a low concentration—low 
dose technique and yet provide good analgesia, ir 
our study we determined central venous plasma con- 
centrations of bupivacaine in parturients during labo: 
and at the moment of vaginal delivery. We also mea- 
sured arterial and venous cord samples of the new- 
borns immediately after delivery. The results of epi 
dural analgesia with 0.125% bupivacaine and 0.375% 
bupivacaine, both containing epinephrine 1:800,000, 
were compared. 


Materials and Methods 


After informed consent was obtained, a prospective 
randomized study for determination of plasma con- 
centrations of bupivacaine was performed in 30 un- 
selected women who presented for labor and vagina! 
delivery under epidural analgesia. 
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Table 2. Demographics of the Two Groups of Women Receiving Different Concentrations of Bupivacaine 


Parameter Percent bupivacaine 
Maternal age (years) 0.375 
0.125 
Maternal weight (kg) 0.375 
0.125 
Parity 0.375 
0.125 
Duration of analgesia (min) 0.375 
0.125 
Last-dose-delivery time (min) 0.375 
0.125 
Expulsion time (min) 0.375 
0.125 
Baby's weight (g) 0.375 
0.125 
Apgar score (1 min) 0.375 
0.125 
Apgar score (5 min) 0.375 
0.125 


Epidural analgesia was performed in two unse- 
lected groups of 15 women each with either bupiva- 
caine 0.125% plus epinephrine 1:803,000 or with bu- 
pivacaine 0.375% plus epinephrine 1:800,000. Excluded 
were parturients in whom labor lasted more than 7 
hr because we judged the amount of blood to be taken 
for samples to be excessive. In group 1, 10 ml (12.50 
mg) bupivacaine 0.125% plus epinephrine 1:800,000 
was used, in group 2, 7 ml (26.25 mg) bupivacaine 
0.375% plus epinephrine 1:800,000 was used. 

After injection maternal heart rate was monitored 
continuously by palpation of the radial pulse for 2 
min and blood pressure was measured for 10 min. 
Fetal heart rate was monitored continuously by fetal 
scalp electrodes. Uterine contractions were also con- 
tinuously registered. 

All mothers were given an intravenous infusion of 
5% glucose in physiologic saline at a minimum rate 
of 200 mi/hr during labor and delivery. Labor began 
spontaneously in 67% of the cases. No woman re- 
ceived other medications except for the infusion of 
1-8 mU/min of oxytocin in 23 patients. Extent of an- 
algesia was assessed 20 min after each epidural in- 
jection, using the pinprick method. Supplemental doses 
of bupivacaine were given as needed to produce pain- 
free labor and delivery in all cases. Duration of an- 
algesia was defined as the time between the first epi- 
dural injection of the local anesthetic and delivery. 
The expulsion time (ET) was the time from the first 
expulsion effort to delivery of the baby. 

A central venous catheter was introduced into the 
superior vena cava via the basilic vein before epidural 
analgesia. Blood samples (3 ml each) were obtained 
via the central venous catheter after first withdrawing 


Mean + SE Median P 
26.0 + 0.6 25.0 >0.05 
25.9 + 1.0 26.0 
67.4 + 2.4 69.0 >0.05 
70.4 + 2.7 70.0 
1.67 + 0.21 1.0 >0.05 
1.60 + 0.16 2.0 
194.0 + 26.0 165.0 >0.05 
182.6 + 20.0 195.0 
63.9 + 8.9 ' 52.0 >0.05 
47.5 + 7.4 38.0 
5.1 + 0.7 5.5 >0.05 
5.1 eS US 5.0 
3230.0 + 133.0 3150.0 >0.05 
3383.0 + 111.0 3350.0 
7.8 + 0.6 9.0 >0.05 
8.5 + 0.3 9.0 
91+ 0.2 9.0 >0.05 
94+ 0,2 10.0 


a volume exceeding the volume of the catheter. Sam- 
ples were collected before the epidural injection and 
every 10 min after each epidural injection until deliv- 
ery. At delivery, blood samples from the umbilical 
vein (UV) and umbilical artery (UA) were obtained 
before clamping the umbilical cord. At the same time, 
another maternal blood sample was takén. 

Each sample was transferred into heparinized cen- 
trifuge tubes, which were sealed with plastic foil (Par- 
afilm®) and stored in the refrigerator. Within 8 hr, 
plasma was obtained by centrifugation at 2500 x g for 
10 min and stored at — 20°C until the time of analysis. 

Bupivacaine concentrations in plasma were deter- 
mined by means of capillary gas chromatography. 
The gas chromatograph (Hewlett-Packatd 5710) was 
equipped with a nitrogen detector (model 18789 A) 
and a SCOT column. Bupivacaine and an added in- 
ternal standard were extracted from plasma with 
n-pentane. The extracted products were introduced 
into the gas chromatograph via a solid injection sys- 
tem. The combination of a support-coated open tu- 
bular column and a nitrogen-selective detector insures 
a good selectivity and a high sensivity. The coefficient 
of variation of the method at concentrations exceeding 
3 ng of bupivacaine per milliliter of plasma is less than 
6%. The detection limit is less than 1 ng/ml (26,27). 
In this study all plasma concentrations are expressed 
in terms of free base equivalents. 

For each delivery, the mother’s and baby’s weights, 
parity, duration of analgesia, last dose-to-delivery time 
(LDD), and Apgar scores at 1 and 5 min were re- 
corded. 

The Mann-Whitney U-test was used to compare 
mean values between the two groups. A value of P 


Table 3. Total Doses of Bupivacaine and Plasma Concentrations at Delivery 


Parameter Percent bupivacaine 
Total dose (mg) 0.375 
0.125 
Dose per hour (mg) 0.375 
G.125 
Maternal vein (ng/ml) 0.375 
G.125 
Umbilical artery (ng/ml) 0.375 
0.125 
Umbilical vein (ng/ml) 0.375 
0.125 
UA/MV ratio 0.375 
0.125 
UV/MV ratio 0.375 
0.125 


< 0.05 was considered as the minimum level of sta- 
tistical significance. 


Results 


The two groups of women receiving different con- 
centrations of bupivacaine were comparable in age, 
body weight, parity, duration of analgesia, last dose- 
to-delivery time, and expulsion time. Babies’ weights 
and Apgar scores at 1 and 5 min were also comparable 
(Table 2). 

Excellent analgesia was obtained in all cases. Eleven 
babies in the 0.125% and ten babies in the 0.375% 
group were delivered spontaneously. The others were 
delivered with the help of a vacuum extractor. The 
mean expulsion time in both groups was 5.1 min. 

Table 3 shows the doses of bupivacaine adminis- 
tered and the resulting mean plasma concentrations 
in the mothers and newborns. The mean total dose 
given epidurally to parturients in the two groups dif- 
fered significantly: 42.1 mg was given in the 0.125% 
group, whereas 66.5 mg was given in the 0.375% group. 
The dosage in the latter group was 58% greater. The 
mean dose per hour was 16.5 mg in the 0.125% group 
and 24.1 mg in the 0.375% group. The latter dosage 
is a Statistically significant 46% greater. 

The mean UA, UV, and maternal vein (MV) plasma 
concentrations of bupivacaine differed significantly in 
the two groups. In the 0.375% group, UA values were 
63% higher, UV values were 57% higher, and the MV 
values were 34% higher than those in the 0.125% 
group of parturients. The UV concentration of bupiv- 
acaine was 21% greater than the concentration in the 
UA in the 0.375% group, and 26% greater in the 0.125% 
group. 

The mean UA/MV ratio was similar in both groups: 
0.19 in the 0.375% group and 0.17 in the 0.125% group. 
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Mean + SE Median P 
66.5 + 6.2 52:5 <0.0001 
42.1 + 2.6 37.5 
24.1 + 2.8 20.5 <0.05 
16.5 + 1.9 16.7 
307.0 + 24.0 316.0 <0.05 
229.0 + 19.0 239.0 
57,0 = 5:0 59.0 <0.01 
35.0 + 3.0 33.0 
69.0 + 7.0 65.0 <0.01 
44.0 + 3.0 45.0 
0.19 + 0.01 0.19 >0.05 
0.17 + 0.62 0.19 
0.224 + 0.01 0.22 >0.05 
0.206 + 0.02 0.23 


The mean UV/MV ratio, 0.22 in the 0.375% group, 
also was not significantly different from the 0.21 ratio 
in the 0.125% group. 


Discussion 

Systemic toxicity is always a potential hazard after 
administration of local anesthetic drugs into the epi- 
dural space, especially when there is accidental in- 
travenous injection. Central nervous system effects 
have been demonstrated in humans with venous 
plasma concentrations of bupivacaine of 1500—4000 
ng/ml (38). 

Exact toxic plasma levels of bupivacaine in adults 
have, however, not yet been determined, and it is 
even more difficult to identify toxic levels of bupiv- 
acaine in the newborn. Therefore, we should keep 
the dose of local anesthetic drugs used in obstetrics 
as low as possible. In our study, bupivacaine concen- 
trations were determined in central venous plasma 
samples. Although in most other studies (Table 1) the 
determination of circulatory blood levels of bupiva- 
caine was performed using peripheral venous sam- 
ples and/or whole blood, which results in relatively 
low values, UA and UV concentrations of bupivacaine 
lower than those in our study with 0.125% bupiva- 
caine plus epinephrine 1:800,000 have never been 
demonstrated, to our knowledge. All plasma concen- 
trations in this study were well below what is con- 
sidered to be the toxic level in the mother (Table 4). 

Our data also suggest there is only a moderate 
cumulative effect when repeated injections of bupiv- 
acaine are used (Fig. 1). This finding contrasts with 
the results from studies of other local anesthetic drugs 
(lidocaine and mepivacaine). These report a substan- 
tial accumulation of lidocaine and mepivacaine in blood 
after repeated epidural injections (6). 
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Table 4. Extremes of Plasma Bupivacaine Levels Found in Mothers and Neonates 


0.125 % group 
Extremes Median 
Maternal vein 40.3—387.0 239 
Umbilical artery 14.8-50.2 32.5 
Umbilical vein 23.7-59.6 45.4 
Units are ng/mi. 
ng/ml 


Fizure 1. Typical examples of central ve- 
nous plasma concentrations (ng/ml) of 
bupivacaine in a parturient receiving 
0.375% bupivacaine + epinephrine 1: 
8C0,000 (left), and in a parturient receiv- 
ing 0.125% bupivacaine + epinephrine 
1:300,000 (right). Arrows indicate the 
moment and amount of each injection. 
A. UV plasma concentration of bupiv- 
acaine in the umbilical vein. @, UA 
plasma concentration of bupivacaine in 
the umbilical artery. 


20 60 100 


7 mi Tmt 


In our study, we found that the mean total dose 
and the mean dose per hour were 58% and 46% greater 
when 0.375% bupivacaine was used than when 0.125% 
bupivacaine was used. The mean UA and UV con- 
centrations were thus 63% and 57% greater in the 
0.375% group. Therefore, we advocate the use of the 
more dilute bupivacaine solutions. 

The UA/MV and UV/MV ratios were independent 
ot the concentration of the local anesthetic used, which 
confirms observations made by other investigators 
(Table 1). The mean plasma concentration of bupiv- 
acaine found in the umbilical vein is about 20% of 
that found in the venous plasma of the mother, both 
in our study and in the studies of other investigators 
(Table 1). The low fetal/maternal ratio of bupivacaine 
at birth is due to considerable uptake of bupivacaine 





1987;66:43541 
0.375 % group 
Extremes Median P 
67.5-802.0 316 <0.05 
26.0-88.4 59.1 <0.01 
<0.01 


31.2-111.0 64.6 


420 





by fetal tissues and is not due to diminished placental 
transfer, as demonstrated by Kuhnert et al. (29) in a 
study of the disposition of bupivacaine in mother, 
fetus, and newborn after epidural analgesia for ce- 
sarean sections. In this study the UA/MV and UV/MV 
ratios of bupivacaine were constant regardless of which 
concentration was used. If low concentrations of bu- 
pivacaine in the fetal tissues are important, it is worth 
striving for the lowest possible maternal plasma levels 
of bupivacaine. We found no relation between the 
UA/MV and UV/MV ratios and the last dose-to-deliv- 
ery interval (Fig. 2), thus confirming earlier studies 
(2,6,7,9-11). 

A price must be paid with regard to toxicity when 
a more concentrated solution is used and, conse- 
quently, when a larger dose of local anesthetic is in- 
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advertently injected into a vein (28) or in the sub- 
arachnoid space (30). The use of 0.75% bupivacaine 
in obstetrics has been criticized and its use is even 
forbidden in the U.S. (24). 

We normally use 10 ml of 0.125% bupivacaine plus 
epinephrine 1:800,000. This is an effective dose and 
a test dose at the same time. Even 12.5 mg of bupiv- 
acaine is harmless if given inadvertently intrathecally 
(3). It is about what is needed to obtain spinal anes- 
thesia, i.e., the equivalent of 3 ml of 0.5% bupivacaine 
(31-35). 

Because epinephrine is added to the 0.125% solu- 
tion, an inadvertent intravenous injection alerts the 
anesthesiologist by causing palpitations, tachycardia, 
and a temporary increase in blood pressure in the 
mother (36,37). 

seven mililiters of 0.375% bupivacaine is suitable 
for epidural analgesia, but a low-dose technique using 
10 mi of 0.125% bupivacaine plus epinephrine 1:800,00G 
is safer in the case of an inadvertent intravenous or 
intrathecal injection. It also results in lower plasma 
concentrations in both mother and newborn. 

In an attempt to use an even more diluted solution, 
i.e., 0.0625% bupivacaine at 10 ml/hr, Li et al. (19) 
were not able to provide a painless labor and delivery. 
They concluded that 0.125% bupivacaine is the op- 
timal concentration for epidural analgesia in labor. 

In conclusion, plasma concentrations of bupiva- 
caine mandate the use of less concentrated solutions 
of bupivacaine in epidural analgesia for obstetrics. 
Epidural analgesia using 0.125% bupivacaine plus 
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Figure 2. Relation between UA/MV and 
UV/MV ratios and the interval between 
the last dose and the delivery (LDD) (P 
> 0.05). The UA/MV and UV/MV ratios 
of both groups were independent of the 
last dose-to-delivery interval. R, corre- 
lation coefficient. 


epinephrine 1:800,000 provides good analgesia during 
labor and vaginal deliveries, and yet is associated with 
maternal plasma concentrations of bupivacaine well 
below toxic levels as well as lower neonatal drug con- 
centrations than more concentrated solutions. Fur- 
thermore, epidural analgesia with 0.125% bupiva- 
caine is so safe that even inadvertent intravenous or 
intrathecal injection would be harmless. 
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Prolongation of Isobaric Bupivacaine Spinal Anesthesia with 
Epinephrine and Clonidine for Hip Surgery in the Elderly 


Jean P. Racle, Mp, Abdellatif Benkhadra, MD, Jean Y. Poy, MD, and Bernard Gleizal, MD 


RACLE JP, BENKHADRA A, POY JY, GLEIZAL B. 
Prolongation of isobaric bupivacaine spinal anesthesia 
with epinephrine and clonidine for hip surgery in the 
elderly. Anesth Analg 1987;66:442-6. 

The effects of vasoconstrictors on the duration of tsobaric 
bupivacaine spinal anesthesia are unknown. A prospective 
controlled study was conducted on 60 ASA class II or III 
patients aged 75 yr or more who were scheduled for spinal 
anesthesia for orthopedic hip surgery. The subjects were 
randomly allocated into three groups. All patients received 
15 mg bupivacaine plain solution in 4 ml in the horizontal 
position. Group I patients received bupivacaine plus 1 ml 
normal saline; group II patients recetved bupivacaine plus 
0.2 mg epinephrine; group III patients recetved bupivacaine 
plus 0.15 mg clonidine. The segmental level of sensory loss 
was tested using forceps. 


Isobaric bupivacaine produces reliable spinal anes- 
thesia for orthopedic surgery in the elderly (1,2). In 
some cases, the duration of the surgical procedure 
exceeds the duration of a spinal anesthesia. Epineph- 
rine 0.2 mg added to local anesthetic solutions pro- 
longed the duration of anesthesia (3). This might be 
related to local vasoconstriction or to a direct analge- 
tic effect of a-adrenergic agonists on the central ner- 
vous system (4). 

Clonidine is well know to stimulate both peripheral 
and central alpha-2-adrenergic receptors (5). Thus, 
prolongation of the duration of spinal anesthesia might 
theoretically be expected with clonidine. After in- 
trathecal administration, a marked analgetic effect of 
clonidine has been observed (6). A preliminary study 
in dogs indicates that clonidine, when used as an 
adjunct to tetracaine spinal anesthesia, was signifi- 
cantly more effective than epinephrine in prolonging 
sensory blockade (7). 

The present study was undertaken to compare the 
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In one case in group Ul, anesthesia was unsatisfactory. 
The time course required for maximal spread of the sensory 
blockade aid not differ in the three groups. No difference 
was observed between mean highest levels of sensory anes- 
thesia. The mean time to two-segment regression from the 
highest level was significantly longer in group IH than in 
groups I and II. Mean time for regression to the L2 segment 
was also significantly longer in groups H and IH than in 
group 1. This time tended to increase more with the bupiv- 
acaine plus clonidine solution than with the bupivacaine 
plus epinephrine solution. Significant prolongation of motor 
block was also associated with the addition of clonidine. 


Key Words: ANESTHETIC TECHNIQUES—spinal. 
ANESTHETICS, LocAL—bupivacaine. 


efficacy of epinephrine and clonidine in prolonging 
isobaric bupivacaine spinal anesthesia for hip surgery 
in elderly patients. 


Methods 


Sixty patients over the age of 75 yr scheduled for hip 
surgery were studied. All were in ASA categories I-III. 
All patients gave informed oral consent after detailed 
explanation of the procedure. The patients were ran- 
domly allocated to three groups according to the per- 
mutation table of Cochran and Cox. Group I (n = 20) 
received 0.5% bupivacaine 3 ml (15 mg) plus 1 ml of 
0.9% sodium chloride. Group H (n = 20) received 
0.5% bupivacaine 3 ml plus 0.2 ml of 1:1000 epineph- 
rine (0.2 mg) and 0.8 ml of normal saline. Group M 
(n = 20) received 0.5% bupivacaine 3 ml plus 1 ml of 
clonidine (0.15 mg). The epinephrine, clonidine, and 
normal saline were added at the time of injection. 
Patients’ characteristics and duration of operations are 
shown in Table 1. 

Premedication consisted of hydroxyzine 50-100 mg 
and atropine 0.01 mg/kg intramuscularly about 1 hr 
prior to anesthesia. Immediately before induction of 
anesthesia, an 18-gauge cannula was inserted into an 
arm vein and 300 ml of lactated Ringer’s solution was 
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Table 1. Mean (+SEM) Age, Weight, and Height of Patients and Duration of Operation in Each Group 


Group I 

Variables (bupivacaine + normal! saline) 
Sex 

Female 13 

Male 7 
Age (yr) 

Mean 82.7 + 1.3 

Range 75-93 
Weight (kg) 

Mean SI E27 

Range 42-79 
Height (cm) 

Mean 157.7 + 2.1 

Range 145-176 
Duration of operation (min) 

Mean 88 + 6 

Range 50-160 


infused. This was repeated 30 min after injection of 
the spinal anesthetic. The patients were placed in the 
lateral decubitus position, with the operative side up- 
permost. Under aseptic conditions, lumbar puncture 
was performed with a 22-gauge spinal needle at the 
L3—4 intervertebral space using either a midline or a 
paramedian approach. Before injection, a free flow of 
clear cerebrospinal fluid was ascertained during turn- 
ing of the needle 90-180 degrees and then during 
aspiration of 0.2 ml. All injections were made at a rate 
of about 1 ml in 4-5 sec and all solutions were at room 
temperature when injected. Immediately after injec- 
tion, the patient was placed in the supine horizontal 
position for the duration of surgery. 

The time of completion of injection of the local 
anesthetic solution into the subarachnoid space was 
used as the basis for measurement of all time inter- 
vals. The dermatome levels of sensory anesthesia were 
evaluated by pinching bilaterally in a midclavicular 
line and on the legs with a Pean forceps at 2-min 
intervals for 30 min. Sensory anesthesia was consid- 
ered complete when the patient did not respond to 
this forceps closed to its first rachet (3). When levels 
of anesthesia were not equal bilaterally, the higher 
level was used for statistical purposes. 

If during surgery pain required supplementation 
with intravenous or inhalation anesthesia, anesthesia 
was considered unsatisfactory. Patients with unsat- 
isfactory anesthesia were not included in the analysis 
of the variables studied. Motor blockade was assessed 
at the same time as sensory levels using criteria de- 
scribed by Bromage (8): 0 = no impairment of move- 
ment of legs and feet; 1 = barely able to flex knees, 
no impairment of movement of feet; 2 = unable to 
flex knees, barely able to move feet; 3 = unable to 


Group H 
(bupivacaine + 0.2 mg epinephrine 


Group M 
(bupivacaine + 0.15 mg clonidine) 


12 11 
8 9 
80.8 + 1 79.1 + 1.1 
75—87 75—87 
66.3 + 3.5 62.5 + 2.7 
40-81 45-81 
162.6 + 1.8 159.8 + 1.8 
148-173 145-171 
102 + 9 96 + Il 
60-210 60210 


move feet or knees. Thereafter, anesthesia and motor 
block were assessed every 30 min until anesthesia had 
regressed to the point that the cutaneous response to 
clamping in the operative site was identical to that on 
the forearm or for a maximum of 5 hr after injection. 
The mean time to recovery from anesthesia in the two 
uppermost segments and the recovery of the L2 seg- 
ment were noted. 

Blood pressure and heart rate (sphygmomanome- 
ter Dinamap Critikon) were measured at 2.5-min in- 
tervals throughout anesthesia and surgery, and at in- 
tervals of 15 min during recovery. The ECG was 
monitored continuously during induction of anes- 
thesia and during surgery. Hypotension was treated 
with intravenous fluids. If this measure did not pre- 
vent a decrease in systolic blood pressure greater than 
30% below levels observed under resting conditions, 
intravenous ephedrine (15-30 mg) was used. Resting 
blood pressure was determined during the anesthe- 
siologist’s preoperative visit the day before surgery 
(9). | 
All data are presented as means + SEM, together 
with ranges. Mean values were compared using one- 
way analysis of variance and appropriate Student's 
test. A value of P < 0.05 was considered statistically 


significant. 


Results 


There were no significant differences among the three 
groups with regard to sex, age, weight, and height 
of patients or duration of operations (Table 1). In one 
patient in group II, general anesthesia was necessary 
because of inadequate anesthesia despite apparently 
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Table 2. Sensory Levels After Intrathecal Administration 
of Bupivacaine with or without Vasoconstrictors 


(mean + SEM) 


Group | Group II 

Highest level of anesthesia 

Mean TIOS + 0.3 191 2 DS 

Range T12-T7 T12-T5 
Time from injection to highest level (min) 

Mean 2.0 = 06 92 = 09 

Range 6-18 4—22 
Time for two-segment regression (min) 

Mean 108 + 7 | $a o 12 

Range 60-225 60-225 
Time for regression to L2 (min) 

Mean i = 6 ahh & j 

Range 120-210 90-300 


Significant differences by analysis of variance and Student's t-test un- 
paired data: group I vs group II, “(P < 0.01); group I vs group III, "(P < 


0.001); group II vs group IIL, “(P < 0.02), “(P < 0.01). 


successful lumbar puncture. This patient was ex- 


Group III 


T10.7 + 0.4 


L1-T6 


cluded from the analysis of the variables studied. 


Sensory Blockade 


Mean maximal levels of anesthesia (T10.7—T9.1) were 
similar in the three groups (Table 2). The rate of spread 


during onset was also similar. 


Although the time to maximal levels varied greatly 
in all groups, ranging from 4 to 22 min, the mean 
values did not differ significantly (Table 2). The mean 
time from injection of the anesthetic to regression of 
the level of sensory anesthesia by two segments var- 
ied from 108 min to 171 min. There were significant 
differences in this variable between groups I and III 
(P < 0.001) and between groups II and III (P < 0.01). 
Compared with group I, the mean time for regression 
of the level of sensory anesthesia to L2 was signifi- 


— 
< 


cantly longer in group II (+40 min, +23.4%, P 


0.01) and in group III (+79 min, +46%, P < 0.001). 
Time to regression to L2 was also significantly longer 
(+39 min, +18.5%) with bupivacaine plus clonidine 
solution than with bupivacaine plus epinephrine so- 


lution (P < 0.02) (Fig. 1). 


Motor Blockade 


One patient in group III had incomplete motor block- 
ade of the lower extremities. Except for this case, the 
time to onset of total motor block did not differ sig- 
nificantly among the three groups (Table 3). Signifi- 
cant differences in duration of grade 3 motor block 
were found between groups I and III (+58 min, +38% , 
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Figure 1. Mean levels and duration of sensory blockade after spinal 
anesthesia with 3 ml 0.5% bupivacaine plus 1 ml normal saline (N), 
or plus 0.2 mg epinephrine (E), or plus 0.15 mg clonidine (C). 


Table 3. Characteristics of Spinal Motor Block in 
Different Groups 


Group I Group II Group III 


Time to onset of total motor block: grade 3 (min) 


Mean v7 = BH 6.8 + 0.6 4.6 EDS 

Range 4-18 2-12 4-16 
Duration of grade 3 motor block (min) 

Mean 152. 10 178 c& 12 210 + 13” 

Range 90-240 75-270 120-240 
Duration of grade 2 motor block (min) 

Mean 192 + 11 217 + 9 235 2: 14" 

Range 150—240 150-285 150-330 
Duration of grade 1 motor block (min) 

Mean 222 = Ti 245 + 9 264 + 13: 

Range 150-300 150-300 180-345 


Significant differences by analysis of variance and Student's t-test for 
unpaired data: group I vs group III, “(P < 0.02), *(P < 0.001); group II vs 
group IlI, «(P < 0.05). 


P < 0.001) and II and III (P < 0.05). The duration of 
grade 2 and grade 1 motor blockade increased with 
administration of clonidine (P < 0.02). 


Blood Pressure 


Resting blood pressure did not differ significantly 
among the groups (Table 4). The administration of 
the bupivacaine with clonidine solution resulted in a 
decrease in systolic blood pressure of only 14.9% from 
the resting values. As shown in Table 4, the decrease 
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Table 4. Blood Pressure and Intravenous Fluid Administration 


Group I 

Resting systolic blood pressure (mm Hg) 

Mean 143 + 4 

Range 104-160 
Lowest level of systolic blood pressure (mm Hg) 

Mean 115 + 6 

Range 50-150 

Mean % of resting values <ALL 
Volume of lactated Ringer's solution given (ml-kg) 

Mean 18.1 + 1.2 

Range 8.1-30 


in systolic blood pressure in group III was not sig- 
nificantly greater than it was in groups I and II. Six 
patients in group I, five in group I, and six in group 
HI received ephedrine because of hypotension. No 
statistically significant difference was noticed among 
the groups in the amount of intravenous fluids given. 
For 12 hr after the block, the patients were kept supine 
in the surgical ward and no hypotension was en- 
countered. 


Discussion 


The use of intrathecal vasoconstrictors is one of the 
main determinants of the duration of spinal anes- 
thesia (10). Most (3,11) but not all (12) investigators 
have found that both epinephrine and phenylephrine 
produce significant prolongation of sensory and mo- 
tor blockade during tetracaine spinal anesthesia. Con- 
troversy exists, however, with regard to the effect of 
these vasoconstrictors during lidocaine spinal anes- 
thesia (13-15). 

The present study showed that epinephrine pro- 
longs significantly the duration of plain bupivacaine 
spinal anesthesia as measured by time of regression 
to the L2 level, without increasing the time for two- 
segment regression of the level of anesthesia. Plain 
bupivacaine was chosen because in hip surgery anes- 
thesia is required at a specific level, and, when in- 
jected into the subarachnoid space in the horizontal 
position, isobaric solutions tend to remain in the in- 
jected area (10,16,17). This permits anesthetizing pa- 
tients with hip fractures in their beds with the op- 
erative site uppermost. It has been also said that 
dextrose-free solutions of bupivacaine are associated 
with less risk of hypotension than are hyperbaric so- 
lutions (18,19), a matter of particular importance in 
elderly subjects. One criticism of the present study 
might be that all patients had the same dose of bu- 
pivacaine (15 mg in 4 ml). But in this study there were 
no significant differences in mean height among the 
groups, and there have been no controlled studies of 
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Group I Group HI 
152 + 4 140 + 5 
110-180 100-180 
119 + 4 119 + 4 

80-150 90—140 
—21.3 + 2.3 -14.9 + 1.5 

DOEL? 17.2 = 19 

6.7-22.2 6.8-28.6 


the effect of patient height on distribution of spinal 
anesthetic solution (17). The dose of epinephrine we 
used, 0.2 mg, is the dosage used by Moore (3) with 
hyperbaric bupivacaine. There are no previous data 
on the effects of epinephrine on the duration of iso- 
baric bupivacaine spinal anesthesia, but the present 
results are in agreement with studies of the effects of 
vasoconstrictors on hyperbaric bupivacaine spinal 
anesthesia, with Chambers et al. (20) finding no pro- 
longation of two-segment regression time whereas 
Moore (3) showed that epinephrine 0.2 mg prolonged 
the mean duration of satisfactory anesthesia by an 
average of 48%. 

The present study also indicates that, in isobaric 
bupivacaine spinal anesthesia in humans, clonidine 
increased significantly both the time for two-segment 
regression and the time for regression to L2, and did 
so more than epinephrine did. The dose of clonidine 
we used, 0.15 mg, was the same for all patients, but 
reported to mean weight (2.6 g/kg) was relatively 
similar to that (3 g/kg) used in epidural administra- 
tion in humans (21). After intrathecal administration 
of high doses of clonidine in rats, no detectable lesions 
on the spinal cord and nerve roots were noted (22). 
Bedder et al., in an animal study (7), have shown that 
clonidine 0.150 mg when used as an adjunct to tetra- 
caine spinal anesthesia is as effective as epinephrine 
0.2 mg in prolonging motor blockade (+ 135% versus 
+ 116%), but significantly more effective (+ 107% ver- 
sus +33%) in prolonging sensory blockade. 

The mechanism of the prolongation of spinal block- 
ade by vasoconstrictors is unknown, although it has 
been suggested that epinephrine may have a direct 
effect on neuronal transmission in the spinal cord 
(23). Direct application to the spinal cord of alpha- 
adrenergic agonist produces analgesia in both mon- 
keys (4) and dogs (7). 

Intrathecal clonidine has an analgetic effect (6,7,24). 
The mechanism of this action of intrathecal clonidine 
may be an activation of the postsynaptic a-2-adren- 
oceptors in spinal cord (25). This spinal activation has 
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been invoked to explain the efficacity of clonidine in 
treatment of opiate withdrawal (26). Supraspinal ef- 
fects of clonidine probably contribute in part to an- 
algesia (27). The effect of intrathecal injection of this 
alpha-2-adrenoceptor agonist on spinal cord blood flow 
is unknown. However, local vasoconstriction in the 
spinal cord is not produced by epidural clonidine 3 


ng/kg (28). 

In conclusion, clonidine (0.15 mg) added to plain 
bupivacaine 0.5% spinal anesthesia is more effective 
than epinephrine (0.2 mg) in prolonging sensory and 
motor blockade. 
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Epinephrine Enhances Analgesia Produced by Epidural 


Bupivacaine during Labor 


James C. Eisenach, MD, Stephen C. Grice, MD, and David M. Dewan, MD 


EISENACH JC, GRICE SC, DEWAN DM. Epinephrine 
enhances analgesia produced by epidural bupivacaine 
during labor. Anesth Analg 1987;66:447-51. 


Reports on the analgesic and hemodynamic effects of ept- 
nephrine added to bupivacaine for epidural use in obstetrics 
are conflicting. In this study, healthy parturtents received 
in a random manner either 10 ml of 0.25% buptvacaine (n 
= 50) or 10 ml of 0.25% bupivacaine with 1:300,000 epi- 
nephrine (n = 50) epidurally. Epinephrine enhanced the 
analgesia produced by bupivacaine: onset was hastened (5.8 
+ 0.6 0s 8.7 + 0.8 min, mean + SEM, P < 0.05), duration 
prolonged (123 + 7.0 vs 92 + 5.0 min, P < 0.05), and 


Epinephrine is added to local anesthetic solutions for 
epidural injection to prolong the duration of analge- 
sia, to serve as a marker for accidental intravenous 
injection, and to decrease vascular absorption of local 
anesthetics from the epidural space, thus decreasing 
plasma levels and systemic toxicity of the local an- 
esthetics. The effect of epinephrine on duration of 
analgesia may depend on the local anesthetic used. 
In parturients, epinephrine has been reported to pro- 
long the duration of analgesia produced by 1.5% lid- 
ocaine (1). However, epinephrine has been reported 
both not to increase the duration of action of 0.5% 
bupivacaine (2,3) and to increase it by 120% (4). Be- 
cause the use of epinephrine-containing local anes- 
thetic solutions may have disadvantages in obstetric 
anesthesia (5,6), we reexamined the value of adding 
epinephrine to epidural bupivacaine. 


Methods 


The protocol was approved by the Clinical Research 
Practices Committee, and all patients gave informed 
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the number of women requiring additional local anesthetic 
for analgesia decreased (9 vs 18, P < 0.05) compared to the 
group receiving plain bupivacaine. The incidence of hypo- 
tension did not differ between groups. Maternal heart rate 
increased only after injection of the epinephrine-containing 
solution. The authors conclude that epinephrine 1:300,000 
modestly but statistically significantly improves the anal- 
gesic efficacy of epidurally administered 0.25% bupivacaine 
during labor. | 


Key Words: ANESTHESIA—obstetric. ANES- 
THETIC TECHNIQUES—epidural. ANESTHETICS, 
LOCAL—bupivacaine. 


consent. We studied 100 ASA 1 or 2 parturients with 
uncomplicated pregnancies, taking no medications, 
and with no history of cardiovascular disease. All 
women were in active labor and with cervical dilation 
<7 cm at the time they requested epidural analgesia. 
After subcutaneous infiltration with 1% lidocaine, we 
inserted a #16 Hythe needle into the epidural space 
at the L2-3, L3-4, or L4-5 interspace using the loss 
of resistance technique with air or a small amount (<3 
ml) of saline. A single distal port Portex™ catheter 
was inserted no more than 3 cm beyond the tip of the 
needle. Patients were then positioned supine with left 
lateral tilt. 

Before local anesthetic injection each woman was 
asked to rate her level of pain during uterine con- 
tractions on a 10 point scale (1 = no pain, 10 = worst 
pain ever experienced). Participants then received in 
a random manner 10 ml of either 0.25% bupivacaine 
plain or 0.25% bupivacaine with freshly added 1:300,000 
epinephrine. The nurse and the patient were unaware 
of the assignment. We administered the local anes- 
thetic solution in increments: 2 ml, followed in 5 min 
by 5 ml, followed in 2 min by 3 ml. If pain relief was 
inadequate 21 min after the 3 ml injection, the patient 
received an additional 5 ml of local anesthetic solu- 
tion. If pain relief was inadequate 15 min after this 
injection, the patient was dropped from the study. 
The study ended at the time of the first reinforcing 
dose of local anesthetic, as requested by the nurse or 


Table 1. Patient and Labor Characteristics 


0.25% Bupivacaine 0.25% Bupivacaine 


plain with epinephrine 
Parameter (n = 50) (n = 50) 

Age 26 + 0.8 25 + 0.9 
Height (cm) 163 + 3.3 163 + 3.6 
Weight (kg) Tae 20 74 + 2.0 
Cervical dilation (cm) 4.2 + 0.2 4.3 + 0.2 
Nullipara/multipara 20/30 34/16" 
Cesarean section 8 10 
Duration of labor 

First stage (min) 224 + 17 256 + 23 

Second stage (min) 95 + 12 87 + 10 


Values expressed as mean + SEM. 
‘P < 0,05 vs plain group. 


patient, or, if no additional doses were required, at 
delivery. 

Parturients assessed the adequacy of their pain re- 
lief on a 4 point scale (1 = none, 2 = a little, 3 = a 
lot, 4 = complete) every 3 min for 18 min, beginning 
3 min after the 3 ml injection. At the end of this time, 
we determined the highest level of sensory analgesia 
to pin testing. We defined the onset of analgesia as 
time from the 3 ml injection until the patient reported 
a pain relief of 3 or 4. We defined duration of analgesia 
as time from the 3 ml injection until the patient re- 
quested additional analgesia. 

We measured maternal blood pressure and heart 
rate with a Dinamap™ vital signs monitor before in- 
jection, every minute for 5 min after the 5 ml injection, 
then every 3 min for 18 min. We defined hypotension 
as a decrease in systolic blood pressure by 30% from 
the initial blood pressure measurement in the study 
or to a value below 100 mm Hg. We treated hypo- 
tension by increasing the rate of intravenous fluid 
administration and, if necessary, administering 
ephedrine. We also recorded maternal age, height, 
weight, parity, duration of first and second stage of 
delivery, mode of delivery, and 1 and 5 min Apgar 
scores. 

Data are presented as means + SEM. We used a 
Student’s t-test for independent samples to compare 
the two groups for maternal demographic data, labor 
data, level of sensory analgesia, and, in patients re- 
ceiving a redose, duration of analgesia. The level of 
sensory analgesia was also compared using the Kol- 
mogorov-Smirnov frequency test. We used the 
Fisher-Yates exact probability test to determine the 
difference in incidence of noncontinuous labor and 
demographic data between groups. We eliminated 
from analysis blood pressure and heart rate data dur- 
ing uterine contractions and after ephedrine admin- 
istration, and compared the remaining hemodynamic 
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Table 2. Analgesia after Epidural Injection 


0.25% 
Bupivacaine 0.25% Bupivacaine 
plain with epinephrine 
Parameter (n = 50) (1 = 50) 
Highest sensory 
dermatome 
Right T-10 + 0.3 T-10 + 0.3 
Left T-10 + 0.3 T-10 + 0.3 
Analgesia onset (min) 8.7 + 0.8 5.8 + 0.6 
Analgesia duration (min) 
All patients S27 ae 5 1233.47" 
All patients given 89 +5 HS7 
reinforcing dose” 
Patients requiring 15 ml 18 a 


Values expressed as mean + SEM. 

“P < 0.05 vs plain group. Refer to Methods for statistical tests employed. 

‘Includes patients who delivered prior to loss of analgesia from first dose. 
Analyzed by Kaplan-Meier survival function (7). 

‘n = 44 in plain group and 40 in epinephrine group. 


data between groups using a repeated measures two- 
way analysis of variance and, within groups, using a 
repeated measures one-way analysis of variance fol- 
lowed by Dunnett’s multiple range test. Onset and 
duration of analgesia in all patients were compared 
by the Kaplan—Meier method (7) followed by the gen- 
eralized Wilcoxon test. We considered P < 0.05 sta- 
tistically significant. 


Results 


The groups differed in demographic and labor char- 
acteristics only in the greater number of nulliparous 
women in the epinephrine group (Table 1). All ce- 
sarean sections were performed because of cephalo- 
pelvic disproportion or failure to progress. All neo- 
nates were healthy, and no neonate had a 1 min Apgar 
score of less than 7. 

The groups did not differ in baseline pain score 
(8.2 + 0.2 in the plain group; 7.9 + 0.3 in the epi- 
nephrine group). Although the groups did not differ 
in highest level of sensory analgesia achieved after 
injection of 10 ml of solution, the onset of pain relief 
was significantly hastened, the duration was signifi- 
cantly prolonged, and the number of women requir- 
ing additional local anesthetic was significantly de- 
creased in patients given epinephrine (Table 2). 
Kaplan-Meier analysis, which includes patients “lost 
to follow-up” (those who delivered before loss of an- 
algesia from the first injection), showed prolongation 
of analgesia in the epinephrine group (Fig. 1). An- 
algesia duration was prolonged in the epinephrine 
group regardless of whether the patients received 10 
or 15 ml of solution (110 + 7 vs 84 + 5 min in those 


EPIDURAL BUPIVACAINE WITH EPINEPHRINE 


Percentage of Patients Not Requesting Analgesia 





Time (minutes) 


Figure 1. Duration of analgesia after epidural injection of 0.25% 
bupivacaine (—) and 0.25% bupivacaine with 1:300,000 epineph- 
rine (~). Curves for each group were calculated by Kaplan-Meier 
analysis. The significance of the difference between groups is P = 
0.0002 by the generalized Wilcoxon test. 


receiving 10 ml; 138 + 21 vs 97 + 11 min in those 
receiving 15 ml; P < 0.05). 

Blood pressure in the two groups did not differ, 
(Fig. 2) nor did incidence of hypotension (eight in the 
plain group, five in the epinephrine group) after epi- 
dural injection. Because the groups differed in base- 
line heart rate, we analyzed the data as absolute changes 
in heart rate from baseline. Heart rate increased after 
injection of epinephrine-containing bupivacaine, but 
not after plain bupivacaine (Fig. 3). 


Discussion 


Epinephrine alters the hemodynamic and analgesic 
effects of epidurally administered local anesthetics, 
partly by direct actions and partly by affecting local 
anesthetic disposition. 


Hemodynamic Effects 


The hemodynamic effects of epidurally administered 
epinephrine are consistent with peripheral £-, but not 
a-adrenoceptor activation. Alone, epidurally admin- 
istered epinephrine (100 ug) decreases peripheral re- 
sistance and increases heart rate and cardiac output 
(8), probably because of peripheral B-adrenergic ac- 
tivation. Epinephrine may also decrease peripheral 
resistance by inhibiting preganglionic sympathetic 
neurons in the spinal cord (9). Combined with lido- 
caine to produce a T-5 level of sensory analgesia, epi- 
durally administered epinephrine decreases blood 
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Figure 2. Blood pressure after epidural injection of 0.25% bupiv- 
acaine (O) or 0.25% bupivacaine with 1:300,000 epinephrine (@). 
The upper lines represent systolic, the lower lines diastolic blood 
pressure. Two milliliters of local anesthetic solution were injected 
epidurally at time = —7,5 ml at time = —2, and 3 ml at time = 
0 min. Each point represents the mean + SEM of 42-50 patients. 
The groups do not differ by two-way analysis of variance. 


pressure more than epidural lidocaine alone (8). How- 
ever, we and others (4) observed no increased inci- 
dence of hypotension when epinephrine was added 
to bupivacaine for lumbar epidural analgesia in ob- 
stetrics. 


Analgesic Effects 


Epinephrine alone produces analgesia after epidural 
(10) and intrathecal (11) administration, probably by 
an a-adrenergic mechanism in the spinal cord dorsal 
horn (12). Dilute local anesthetic solutions and epi- 
nephrine may be additive in producing analgesia. We 
and others (3) noted a more rapid onset and greater 
intensity of analgesia produced by epidurally admin- 
istered bupivacaine when epinephrine was added. 
Epidurally administered epinephrine is thought to 
prolong analgesia by producing local vasoconstriction 
and limiting vascular absorption of local anesthetic. 
This effect may be diminished if the local anesthetic 
itself produces vasoconstriction. For example, in- 
trathecally administered tetracaine increases spinal cord 
and dural blood flow (13), whereas bupivacaine de- 
creases it (14). Intrathecal epinephrine inhibits the 
local increase in blood flow associated with tetracaine 
(13) and prolongs the duration of tetracaine (15), 
whereas epinephrine is ineffective in further decreas- 
ing local blood flow (14) or reliably prolonging the 
duration of bupivacaine (16). After epidural admin- 
istration for analgesia in labor, epinephrine prolongs 
(by 80%) (1) the duration of 1.5% lidocaine, which by 
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Figure 3. Effect of epidural injection of 0.25% bupivacaine (O) or 
0.25% bupivacaine with 1:300,000 epinephrine { 6) on change in 
heart rate from baseline levels. Two. milliliters of local anesthetic 
solution were injected at ime = ~7, 5 ml at time = —2, and 3 
-ml at ime = 0 min. Each point represents the mean + SEM of 
42-50 patients. The significance of the difference between groups 
is P = 0.047 by two-way analysis of variance. *P < 0.05 vs time 
—7 min. 


itself produces arteriolar vasodilatation (17), but has 
no (2,3) or a smaller (34% prolongation, this report) 
effect when added to bupivacaine (which also by itself 
produces arteriolar vasoconstriction) (18). 

In contrast to these findings, Abboud et al. (4) re- 
ported a marked prolongation of analgesia (by 120%) 
when epinephrine was added to bupivacaine for epi- 
dural analgesia in laboring parturients. Differences 
between that study and the present one that could 
account for this discrepancy include: 


1. Drug administration and analgesia duration end- 
point determination (not stated by Abboud et al. 
(4) vs random, blinded in this study). A random, 
blinded design diminishes the likelihood of inves- 
tigator bias influencing the outcome of the study, 
particularly when subjective parameters (pain 
measurement) are measured. In this study, dura- 
tion of analgesia, as defined by time to first rein- 
forcing dose of local anesthetic, was determined 
in all cases by a person unaware of the drug as- 
signment. Using a random, blinded design, others 
(2,3) have found no increase in duration of anal- 
gesia produced by epinephrine. 

2. Statistical design (t-tests by Abboud et al. (4) vs 
Kaplan-Meier analysis in this study). Although not 
stated by Abboud et al. (4) some patients in their 
study may have delivered before loss of analgesia 
from the epidural injection. Because patients may 
be “ost to follow-up” in unequal numbers be- 
tween groups and at variable times into the study, 
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ignoring them may affect the validity of the con- 
clusions reached. The Kaplan-Meier analysis avoids 
this problem by including all patients. 

3. Epinephrine dose (26 ug (average) by Abboud et 
al. (4) vs 37.5-56.2 wg in this study). If epinephrine 
prolongs analgesia by producing analgesia directly 
or by local vasoconstriction, one would expect a 
larger, not smaller effect with the larger dose used 
in this study. 

4, Bupivacaine concentration (0.5% by Abboud et al. 
(4) vs 0.25% in this study). In the only comparison 
of bupivacaine concentrations, Covino and Scott 
(3) reported a greater effect of epinephrine added 
to 0.25% bupivacaine (31% prolongation—similar 
to the 34% prolongation we observed) than to 0.5% 
bupivacaine (none). 

5. Length of study (repeated doses by Abboud et al. 
(4) vs first dose only in this study). Although the 
cumulative effect of epinephrine-containing epi- 
dural injections of local anesthetic could enhance 
the effect on duration and explain the greater effect 
reported by Abboud et al. (4), no such cumulative 
effect was observed by Reynolds and Taylor (2). 


Other reasons for including epinephrine in bupiv- 
acaine solutions for epidural analgesia in obstetrics 
are to decrease fetal exposure to bupivacaine, which 
produces behavioral effects lasting weeks in the new- 
born (19), and to produce early warning of intravas- 
cular injection of local anesthetic solutions (20) and 
cardiac support in the event that blood levels of local 
anesthetics become high enough to induce cardiotox- 
icity (21). However, these benefits have not been dem- 
onstrated in controlled clinical studies. Maternal plasma 
bupivacaine concentrations after epidural injection are 
minimally decreased by epinephrine, and the fetal: 
maternal plasma bupivacaine concentration ratio in- 
creases (2). Intravenous epinephrine, in a dose that 
reduces uterine blood flow by 45% in ewes (5) produces 
hemodynamic changes in parturients subtle enough 
to require sophisticated monitoring to detect (22). 

In summary, we observed a small but statistically 
significant prolongation (31 min) in the duration of 
analgesia produced by addition of epinephrine 1: 
300,000 to epidurally administered 0.25% bupiva- 
caine. The discrepancy between these findings and 
those reported by Abboud et al. (4) may be due to 
differences in study design and statistical evaluation. 
Prolongation of analgesia by epinephrine must be 
weighed against potential complications (decreased 
uterine blood flow, prolongation of labor, accidental 
unrecognized intravenous injection) that may occur 
with use of epinephrine-containing local anesthetics 
in obstetrics. 
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HORROW JC, METZ S, THICKMAN D, FREDERIC MW. 
Prior carotid surgery does not affect the reliability of 
landmarks for location of the internal jugular vein. Anesth 
Analg 1987;66:452-6. 


Twenty-one volunteer subjects who had undergone prior 
. carotid endarterectomy (CEA) agreed to an ultrasound study 
~ of the neck. The transducer was held as one would hold a 
cannulating needle and ultrasound images were obtained of 
the great vessels in the neck. Each of two cannulating tech- 
niques was simulated on each side of every patient’s neck. 
Photographs of the ultrasound images were analyzed to score 
“hit” or miss” for the internal jugular vein (IJV) and the 
carotid artery (CA), and to measure both the angle between 
these vessels and the distance from the skin to the IJV. In 
11 subjects, the effect of a Valsalva maneuver on IJV width 
was also determined. Owing to bilateral CEA in 9 of the 


Cannulation of the internal jugular vein (IJV) is com- 
monly performed to establish central venous access. 
Because carotid endarterectomy (CEA) is presumed 
to alter the relation between the IJV and surface land- 
marks, prior CEA and other neck surgery are consid- 
ered by many (1-3) to be at least relative contrain- 
dications to IJV cannulation. Clinicians who find no 
IJV site suitable for cannulation by this criterion may 
be compelled to select another site for central venous 
access or do without central venous access altogether. 
Hither of these options may have adverse effects on 
patient care. 

The reliability of landmarks for IJV ana after 
CEA has not been tested clinically. Any investigation 
of landmark reliability using cannulating needles would 
cause the experimental subjects unacceptable discom- 
fort and risk. Ultrasound (US), a noninvasive proce- 
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21 subjects, there were 12 studies of nonsurgical sides (NSS) 
and 30 studies of surgical sides (SS). SS and NSS hit fre- 
quencies were statistically indistinguishable both for the I[V 
and the CA. In no photograph did the IJV lie medial to the 
CA. A Valsalva maneuver did not change IJV width on 
either the SS or the NSS. These data show that prior CEA 
does not affect the location of the IJV. Tissue alterations or 
adhesions may render actual HJV cannulation more difficult 
or risky. The data suggest but do not prove that prior CEA 
may not increase the incidence of CA puncture under clinical 
conditions. 


Key Words: VEINS, INTERNAL JUGULAR—cannulation. 
MEASUREMENT TECHNIQUES—ultrasound. 
MONITORING—jugular cannulation. SURGERY— 
carotid endarterectomy. 


dure associated with no known complications, has 
been utilized to study the IJV (4-6). We employed US 
to investigate the neck anatomy at both surgical sites 
(SS) and nonsurgical sites (NSS) in 21 subjects with 
prior CEA. 

This investigation sought to answer several ques- 
tions: 1) Does prior CEA alter the reliability of land- 
marks commonly used to identify the IJV? 2) Does 
the anatomic relation between the IJV and CA on the 
SS differ from that on the NSS? 3) Is the depth of the 
IJV from the skin surface different after CEA? Midway 
through the study, we observed that the Valsalva ma- 
neuver did not seem to increase the size of the US 
image of the IJV on the SS. Therefore, in the last 11 
patients, we compared the change in IJV width on 
the SS with that on the NSS to determine whether 
prior CEA limits the IJV distension that normally oc- 
curs with the Valsalva maneuver. 


Methods 


This study was approved by our institutional review 
board. Sixty-four patients seen by a single neurologist 
(MWF) and who had recent CEA performed on one 
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or both sides were asked by letter to participate in the 
study. There were 34 responses: 9 patients had died 
since their last visit; 4 declined participation; and 21 
patients (33%) enrolled in and completed the study. 
Age, gender, and past surgical history were recorded 
for each participant. 

Two commonly used techniques were selected as 
representative of two families of approaches to the 
IJV: the apical approach and the anterior approach 
(7). The chosen apical technique (8) employs as a land- 
mark the apex of the triangle formed by the heads of 
the sternocleidomastoid muscle and the clavicle. For 
the chosen anterior approach (9), the carotid pulsa- 
tion, independent of surface anatomy, serves as a 
lendmark. 

Each patient lay supine with minimal head down 
tilt. The right side was always investigated first. The 
subject was positioned according to the instructions 
for the apical approach (8). The US transducer was 
placed on the neck and directed lixe a needle accord- 
ing to the directions for that technique. Care was taken 
to avoid excessive pressure while simultaneously 
achieving sufficient contact for imaging. One inves- 
tigator (DT) viewed the US image and identified and 
labeled arterial and venous structures according to 
their anatomic orientations, pulsation patterns, and 
when necessary, by Doppler wave patterns. If either 
vessel was not visualized, this was noted. A photo- 
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Figure 1. Ultrasound image of the right neck 
using the apical technique viewed from the 
patient’s head (left side of image is medial). 
The internal jugular vein (I) lies in the mid- 
line of the image and is scored as “hit.” The 
slightly smaller carotid artery (C) is found 
medial and posterior to the IJV and is scored 
as “miss.” Crosshairs (+) are placed at the 
estimated vessel centers. 


graph of the real-time image was obtained during 
normal respirations. Figure 1 shows a representative 
photograph. This procedure was repeated for the an- 
terior technique (9) on the right side. The patient was 
then repositioned and the two procedures repeated 
on the left side. 

In 11 of the 21 patients, the effect of the Valsalva 
maneuver on IJV size was evaluated. On both the 
right and left sides, after obtaining the sonogram for 
the anterior technique, we instructed the patient to 
inhale deeply, hold his or her breath, and “bear down 
as if trying to have a bowel movement,” while an 
additional anterior technique image was obtained. 

US images were obtained with an ATL (Bellevue, 
WA) real-time ultrasound scanner with mechanical 
sector transducers of 3.5-10 MHz. The focal zone 
ranged from 0.6 to 8.0 cm. The transducer selection 
and levels of power, near gain, far gain, and slope 
were optimized for each patient. Standard water-sol- 
uble gel was used as the sole coupling agent. Distance 
from the skin to IJV was measured from the US dis- 
play screen using digital calipers with a deviation of 
2%. Photographs were taken from a real-time image 
in the transverse plane angulated along the path of a 
presumed locating needle. 

Each ultrasound image provided the following data: 
the intersection of the axis of the transducer with the 
image of the IJV, scored as “hit” or “miss”; similar 
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Figure 2. Line drawing showing measure- MEDIAL 


ments of a typical photograph on the right 

side. In contrast to Figure 1, in this sche- 

matic diagram neither the IJV nor the CA 

would be scored as “hit.” The axis of the 

transducer, which indicates the presumed o°— — 
path of a cannulating needle, is represented 
by a dotted line. The skin to IJV distance 
and IJV width are each indicated by a dou- 
ble-headed arrow. See text for measure- 
ment specifications. The angle between IJV 
and CA is denoted by the curved arrow. 
The 0° and +90° axes for angle measure- 
ment are indicated by broken lines. 


scoring for the intersection of the axis of the trans- 
ducer with the image of the CA; the distance along a 
needle’s path from the skin to the center of the IJV 
image; and the angle between the IJV and the CA. 
The angle to the center of the CA was measured by 
placing the origin of a protractor on the center of the 
IJV image using 0° as medial and +90° as posterior 
(deep). The width of the IJV was measured in those 
images used to evaluate the effect of the Valsalva 
maneuver. IJV width was obtained along a line per- 
pendicular to the path of a needle oriented to achieve 
successful cannulation even if that path were lateral 
or medial to the transducer axis. Figure 2 is an ex- 
ample of how these measurements were performed. 

Frequency data were analyzed by x contingency 
tables. Continuous variables were analyzed by paired 
or unpaired Student's t-tests. Significance was de- 
fined as P < 0.05. 


Results 


Thirteen men and eight women, aged 54-85 yr (mean 
68) completed the study. These patients had under- 
gone between zero and four other vascular surgical 
procedures (mean 0.6). No patient had had other sur- 
gery on the neck or had received radiation to the neck. 
The timie elapsed between CEA and this study ranged 
from 6 months to 10 yr (mean 3yr). Four patients had 
had surgery on the right side, eight on the left, and 
nine on both sides. In one patient, the left CA was 
not palpable, preventing study of the anterior tech- 
nique on that side. Thus there are 12 studies of both 
apical and anterior techniques on NSS, and 30 studies 
of the apical technique and 29 studies of the anterior 
technique on SS. 

The IJV was visualized in every view; the CA was 
visualized in 72 of 83 views. Table 1 displays the hit 
frequency data for the two techniques on the SS and 
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the NSS. There were no statistical differences between 
the 5S and NSS hit frequencies for either technique 
for either the IJV or the CA. 

The distance from the skin to the center of the IJV 
was 2.15 + 0.53 cm (mean + SD). Distance from skin 
to IJV did not vary with technique or from SS to NSS. 
The angle between the CA and IJV was +9 + 24° 
(mean + SD, n = 49) on the SS and +20 + 21° {n = 
20) on the NSS (P = NS, unpaired t-test). In no pho- 
tograph did the IJV lay medial to the CA (angle >90° 
or <— 90°). 

The effect of the Valsalva maneuver on IJV width 
is demonstrated in Table 2. Although the mean values 
of IJV width during the Valsalva maneuver appear 
numerically greater on both the NSS (0.38 + 0.40) 
and the SS (0.21 + 0.18), only the SS data achieve 
statistical significance. The increase in IJV width on 
the SS is not statistically different from that on the 
NSS (unpaired t-test, P > 0.2). 


Discussion 

Standard anesthesia texts state that prior surgical pro- 
cedures on the neck are relative contraindications to 
IJV cannulation at those sites (1-3). Though these 
recommendations are unreferenced, one concern may 
be that fibrosis, adhesions, scar formation, and sur- 
gical manipulation itself render surface landmarks un- 
reliable as guides to location of the deeper structures, 
including the IJV. 

Two common surface landmarks used in locating 
the IJV are the apex of the sternocleidomastoid muscle 
and the carotid pulse. Our study determined that after 
CEA, these landmarks retain their reliability in locat- 
ing the IJV and in directing attention lateral to the 
CA. Additionally, no difference in reliability was 
demonstrated between the apical and the anterior 
landmarks, both at nonoperated and operated sites. 
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Table 1. Hit Frequency Data‘ 
IJV HIT IJV MISS % IJV HIT CA HIT CA MISS % CA HIT CA NONVIZ 
Apical-S3 . 24 6 80% 3 24 11% 3 
Apical-NSS 9 3 75% 3 7 30% 2 
Anterior-SS 23 6 79% 2 20 9% 7 
Anterior-NSS 8 4 67% 2 8 20% 2 
Abbreviations used: IJV, internal jugular vein; CA, carotid artery; SS, surgical side; NSS, non-surgical side; NONVIZ, not visualized. 
P = NS by for Apical vs Anterior and for SS vs NSS for both IJV data and CA data. 
‘Entries are numbers of subjects except where indicated. 
Table 2. IJV widths” 
Without Valsalva With Valsalva Increase P value 
SS (n = 14) 1.1 + 0.49 1.3 + 0.47 0.21 + 0.18 <0.001 
NSS (n = 6) 1.0 + 0.40 1.4 + 0.52 0.38 + 0.40 0.07 
BOTH (n = 20) 1.1 + 0.46 1.4 + 0.47 0.26 + 0.26 <0.001 


Increase refers to the paired difference of IJV width during Valsalva minus the IJV width without Valsalva’s maneuver. P values are for the null hypothesis 


that the increase is different from zero. 
“Entries are cm (mean + SD). 


This latter result agrees with a previous ultrasound 
investigation in which 15 different techniques were 
all equivalent with regard to IJV localization (4). 

The overall IJV location rate of 77% in our current 
study compares favorably with the rate of 52% found 
previously (4). CA “hit” frequency data are similar: 
14% in this study, 20% in the previous one. Thus our 
current study shows slightly higher IJV and slightly 
lower CA hit rates. Improvement with time of the 
investigators’ skill cannot explain this difference be- 
cause both the ultrasound equipment and the ultra- 
sonographer were different. Technique selection may 
account for the seemingly superior results in our cur- 
rent study. 

The 14% CA hit rate is high compared with those 
reported in original descriptions of the techniques 
(range 0-4%). As explained in the previous US study 
(4), this discrepancy may be accounted for by both 
underreporting of CA punctures in the original pa- 
pers (as when only a small-gauge finder needle dis- 
covers the CA) and overreporting of CA punctures in 
the US studies (as when both CA and IJV align along 
the transducer axis). In the latter case, a needle slowly 
advanced along that path would discover the more 
superficially placed IJV first and never reach the CA, 
whereas the US studies score hit for both IJV and CA. 

In young healthy volunteers (4), the IJV was found 
lateral and anterior to the CA (angle +21 + 21°). The 
current data substantiate this relation in elderly pa- 
tients (+20 + 21° on the NSS). Furthermore, this 
relation was not altered by CEA, the IJV remaining 
slightly anterior to the CA in most cases and lateral 
to the CA in all cases. 

Initial observations suggested that surgical adhe- 


sions might be preventing expansion of the IJV on 
the SS during the Valsalva maneuver. The results show 
the opposite effect: the Valsalva maneuver increased 
IJV width significantly on the SS but not the NSS. 
The previous study (4) in young, healthy volunteers 
revealed that IJV width was larger with breathholding 
than without. Thus lack of statistical significance for 
increased IJV width on the NSS is surprising, and 
most likely results from too few observations in this 
group (n = 6) rather than from a true distinction from 
the SS data. Perhaps for a similar reason, we could 
not demonstrate that the Valsalva maneuver widened 
the IJV more on the NSS than the SS. Power analysis 
predicts that over 30 patients in each group would be 
required to demonstrate a significant difference at the 
P = 0.05 level. In any event, neither study suggests 
an increased success in locating the IJV during breath- 
holding, although this maneuver may still assist in 
preventing air embolism during cannulation. 
Several factors prevented our study from precisely 
reproducing clinical circumstances. Unlike a needle 
tip that affords complete visualization of the puncture 
site, the transducer obscures about 1 cm? of skin un- 
derneath it. Thus the bulkiness of the transducer im- 
pairs the accuracy of its placement. Likewise, pres- 
sure on the skin from the transducer might have 
distorted the underlying anatomy unlike the distor- 
tion of skin-tenting from a probing needle. Skin 
toughness and subcutaneous fibrous adhesions can 
theoretically lead a probing needle astray. Thus a clear 
path as shown by US to the IJV, or CA for that matter, 
might not be the one traversed by a needle identically 
aimed. Of course, real-time US guidance of percuta- 
neous procedures is well-established clinically and has 
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been used for IJV location (6,10). Nevertheless, our 
study assessed neither ease of needle placement nor 
ease of cannulation. 

More important, patients who have undergone CEA 
may have residual or recurrent atheromatous carotid 
arterial disease. Fear of dislodging plaque with sub- 
sequent stroke leads some clinicians to avoid manip- 
ulation of the neck in every patient with carotid artery 
disease, irrespective of prior CEA on that side. Fi- 
nally, patients with CEA performed within 6 months 
of this investigation were excluded. It is possible, but 
unlikely, that surface landmarks are less reliable at 
sites of more recent CEA. 

Because the axis of the US transducer intersected 
the IJV in only 77% of the images, but intersected the 
CA in 14%, we recommend that a small gauge finder 
needle be used in all cases to confirm the location of 
the IJV before cannulation is attempted. 

In conclusion, these data in elderly patients show 
that the relation between the IJV and CA is similar to 
that in younger patients and is not altered by CEA 
performed at least 6 months before. Furthermore, the 
location of the IJV and the reliability of landmarks 
used to locate the IJV are not altered by prior CEA. 
The data suggest but do not prove that under clinical 
conditions, the incidence of CA needle puncture might 
not be altered by prior CEA. 
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Decreasing Airflow Resistance during Infant and 


Pediatric Bronchoscopy 


Andrew M. Woods, MD, and Thomas J. Gal, MD 


Rigid bronchoscopy in infants and small children is 
fraught with problems of inadequate ventilation and 
gas exchange, due in part to compromise of the lumen 
of a small-caliber bronchoscope by insertion of a tel- 
escope (1). The standard Storz-Hopkins pediatric tel- 
escope has an outer diameter of 4.0 mm whereas the 
smallest Storz 30-cm-bronchoscope has an inner di- 
ameter of 4.9 mm. The size of this bronchoscope, 
designated by the manufacturer (nominal size), is ac- 
tually 3.5 (Table 1). Thus the 4.0-:mm telescope oc- 
cupies about two-thirds of the cross-sectional area of 
the 3.5 bronchoscope lumen and impedes airflow (2). 
This bronchoscope is the size usually required for 
children under 3 yr of age, the group in which the 
largest proportion of anesthetics is administered for 
pediatric bronchoscopies (3). 

A smaller telescope (Hopkins 27020 A) that is cur- 
rently available, although marketed for use with the 
Storz optical forceps, fits all Storz 30-cm-long bron- 
choscopes. The diameter of this telescope (2.8 mm) 
would present much less resistance to airflow, but 
there are no actual measurements to prove this or to 
indicate how much the resistance is decreased. This 
study was performed to compare this smaller diam- 
eter telescope with the standard 4.0-mm telescope 
principally in terms of airflow resistance, but bright- 
ness and image resolution were compared as well. 


Methods 


The pressure gradients across a range of Storz pedi- 
atric bronchoscopes were measured with differential 
pressure transducers (Validyne MP-45, range 0 + 5 
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cm H20 and 0 + 50cm H30). Pressures were sampled 
at the proximal side arm and at the distal end of the 
bronchoscopes. Measurements were made during ox- 
ygen flows of 3 and 6 L/min, which are in the range 
for spontaneously breathing infants. The oxygen flow 
was delivered by an Ohio 2000 anesthesia machine 
with the accuracy checked by measuring volume per 
unit time delivered to an electronic spirometer (Ohio 
model 840). Use of steady flows to determine pressure 
gradients in this experiment is relevant to normal 
physiology since the fluid dynamic characteristics of 
flow during both normal breathing and mechanical 
ventilation can be considered quasi-steady (4). 

The three bronchoscope sheaths utilized have 
nominal sizes of 3.5, 4.0, and 6.0 mm, but the actual 
internal diameters are 4.9, 5.9, and 7.4 mm, respec- 
tively (Table 1). Resistance was calculated by dividing 
the pressure drop (cm H,0) by the flow rate (L/sec). 
The following configurations were studied for each 
of the three bronchoscopes: (1) no telescope (NT), (2) 
a standard 4-mm by 30-cm telescope (T4.0), and (3) a 
2.8-mm by 30-cm telescope (T2.8). 


Results 


With no telescope in place, the airflow resistances 
were minimal regardless of the size of the broncho- 
scope (Fig. 1). Resistance through the 6.0 broncho- 
scope was also minimal with either telescope. 

With the 4.0 bronchoscope, the standard 4.0-mm 
telescope (I's.9) produced flow resistances only slightly 
greater than the normal range of upper airway re- 
sistance (Ruaw) for infants (5), indicated by the hori- 
zontal striped bar (Fig. 1). Substitution of the smaller 
2.8-mm telescope (T28) for T4.o decreased this resist- 
ance by 40% at flow rates of both 3 and 6 L/min. 

Use of T4 in the 3.5 bronchoscope was associated 
with marked increases in airflow resistance to ap- 
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Table 1. Dimensions of Rigid Bronchoscopes 


Nominal size Internal diameter” External diameter“ 


(mm) (mm) (mm) 
2.5 32 4.0 
3.0 4.2 5.0 
3.5 4.9 5.7 
4.0 5.9 6.7 
5.0 7.0 7.8 
6.0 7.4 8.2 


‘Measured with caliper and verified by Kari Storz Endoscopy-America, 
Inc, 


proximately five times the upper limit of normal Ruay. 
Replacing T4.o with Tzs reduced flow resistances to 
levels approximately 1.5 times the normal Ryaw at 3 
L/min and twice the normal R,,.. at 6 L/min. Thus, at 
both flow rates studied, T4. produced more than 2.5 
times the resistance of T, a when used in the 3.5 bron- 
choscope. 

For purposes of comparison, resistances to flow 
through several sizes of pediatric endotracheal tubes 
(Portex 2.5, 3.0, and 3.5 mm internal diameter, with 
connector) were also measured (Table 2). When we 
breathed quietly through these, we felt that the 3.5 
bronchoscope with T, 9 in place was similar to breath- 
ing through a 2.5-mm endotracheal tube. Replacing 
T4.o with the smaller T2. allowed for easier breathing 
through the bronchoscope, and subjectively was sim- 
ilar to breathing through a 3.5-mm endotracheal tube. 
These subjective impressions correlate well with the 
measured resistances to flow. 

Measurements with a Luna-Pro light meter 1.5 cm 
from the distal tips of the telescopes showed that the 
4.0-mm scope was one f-stop brighter, corresponding 
to a light intensity nearly twice that of the 2.8-mm 
scope. Photographs taken through the two telescopes 
(Fig. 2) illustrate the larger image size and finer detail 
achieved with the 4.0 telescope. The image with the 
smaller T} appears quite distinct, however. 


Discussion 


Resistance to airflow imposed by the 3.5 broncho- 
scope with the standard telescope (74.9) is approxi- 
mately five times the normal upper airway resistance 
of infants (Fig. 1). Healthy, spontaneously breathing 
infants should be able to maintain adequate gas ex- 
change for short periods despite this increased re- 
sistance, even under general anesthesia (6). However, 
this high resistance poses a particular hazard to sick 
infants, and especially those in whom paralysis is 
utilized as part of an anesthetic technique. Infants 
with lung disease resulting in low pulmonary com- 
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Figure 1. Resistance to airflow through pediatric bronchoscopes 
with and without telescopes in place. Horizontal striped bar in- 
dicates range of normal infant upper airway resistance (5). 


Table 2. Resistance (cm H,O-L~}sec~) of Neonatal 
Endotracheal Tubes 


Internal diameter POW 
(mm) 3 L/min 6 L/min 
2.5 78 88 
3.0 40 48 
3.5 26 30 


pliance may not be able to tolerate the increased work 
of breathing imposed by the increased upper airway 
resistance. In paralyzed infants, the passive elastic 
recoil of the lungs and chest wall, which provides the 
driving pressure for deflation of the lungs, is insuf- 
ficient to overcome the expiratory resistance of the 
bronchoscope/telescope apparatus within the short time 
period allotted for exhalation (7). Staircasing of lung 
volumes is likely, resulting in both hypercarbia and 
increased intrathoracic pressure with subsequent im- 
pairment of cardiac output and risk of barotrauma. 
This high resistance to airflow can be significantly 
reduced by use of the smaller 2.8-mm telescope in the 
3.5 bronchoscope. The pressure gradients associated 
with 3 L/min flow (1.6 cm HO) and 6 L/min flow (4 
cm HQ) are well below the normal recoil pressures 
of infants and thus should allow more adequate lung 
deflation. Lower resistances can also be obtained by 
using a larger bronchoscope with the standard 4.0- 
mm telescope. However, to allow use of a 4.0 bron- 
choscope, the infant’s airway must be large enough 
to accommodate a 5.0 endotracheal tube, since the 
outer diameter of this tube (6.9 mm) is approximately 
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Figure 2. Photographs taken through the Storz-Hopkins 2.8-mm 
telescope (top) and the 4.0-mm telescope (bottom). 


the same as that of the 4.0 bronchoscope (6.7 mm). 


This size of airway is usually found in children over 


the age of 3 yr. For pediatric patients younger than 
this, it would appear that the 2.8-mm telescope pro- 
vides the best solution to the problem of high airway 
resistance. 
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If the larger telescope (T40) is used with the 3.5 
bronchoscope, the anesthesiologist must be aware of 
the increased risk of adverse cardiopulmonary effects. 
Frequent, periodic withdrawal of the telescope from 
the bronchoscope is necessary to reestablish a low- 
resistance airway and reduce the risk of air trapping. 
Such withdrawal of the telescope is particularly crit- 
ical with the smaller sized (2.5-mm and 3.0-mm) neo- 
natal bronchoscopes. 

Our measurements, however, suggest that this high 
flow resistance is not a problem when the T> s is uti- 
lized instead of the standard T, with the pediatric 
sized (3.5) bronchoscope. While the trade-off in op- 
tical quality with Təş may be significant for endo- 
scopic photography, it does not appear to be so for 
most clinical applications. 
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Bacteremia as a Complication of Nasotracheal Intubation 


Miles Dinner, MD, Michael Tjeuw, MD, and Joseph F. Artusio Jr, MD 


Instrumentation of the upper airway has been shown 
to be associated with bacteremia (1-3). In addition to 
endoscopy and suctioning, tracheal intubation has been 
implicated in bacteremic episodes. Positive blood cul- 
tures have been reported with both orotracheal (OT) 
and nasotracheal (NT) routes of intubation (4,5). In 
one study the risk of bacteremia was, albeit small, 
greater with OT than with NT intubation (4), whereas 
in another study the reverse was true. 

Nasotracheal intubation is frequently necessary 
during dental and orofacial surgery. It is also a prac- 
tical means of airway control in conscious patients 
with respiratory insufficiency, in intensive care pa- 
tients for long-term maintenance of the airway, and 
in surgical patients who are difficult to intubate by 
the OT route. Not infrequently patients requiring NT 
intubation are immunocompromised or have valvular 
heart lesions and thus are susceptible to complications 
associated with even transient bacteremia, including 
subacute bacterial endocarditis. The present prospec- 
tive study was undertaken to determine the incidence 
of bacteremia associated with NT intubation. 


Materials and Methods 


The study protocol was approved by the New York 
Hospital Cornell Medical Center Committee on Hu- 
man Rights and informed consent was obtained from 
all patients. Fifty-four ASA physical status 1 or 2 pa- 
tients aged 14-88 scheduled for dental or maxillofacial 
surgery were studied. To be included patients must 
have met the following criteria: 1) no preexisting na- 
sopharyngeal pathology; 2) NT intubation was nec- 
essary because of the type of surgery; 3) no evidence 
of immunocompromise; 4) no known cardiac defects; 
5) no recent procedures (e.g. dentistry, insertion of 
arch bars); 6) antibiotics had not been administered 
within 72 hr; 7) no evidence of preexisting infectious 
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disease; and 8) the absence of nasogastric tubes, jaw 
wires, etc. in the upper airway. 

Blood for culturing was obtained in all patients be- 
fore intubation and again 2 and 10 min after NT tube 
placement. During this 10-min interval, no other ma- 
nipulations were made in the airway of the patients. 
In 27 of the 54 patients, vasoconstriction of the nasal 
mucosa was produced by the topical application of a 
0.1% xylometazoline (Neosynephrine II®) solution. 
Patients receiving vasoconstriction were allocated 
randomly. In all cases, the tube was lubricated with 
either saline or a water soluble lubricant. Trauma as- 
sociated with the intubation was graded as follows: 
I, atraumatic (a bloodless, easy NT intubation); H, 
slightly traumatic (the presence of blood tinged spu- 
tum with suctioning following intubation); HI, frankly 
traumatic (blood pooling in the oropharynx or the 
nose). 

Blood for culturing was obtained from an antecu- 
bital vein in the arm opposite to that with the in- 
travenous infusion. Twelve milliliters of blood per 
culture were drawn by venipuncture after sterile 
preparation of the site with povidone iodine. Each 
blood culture consisted of three bottles containing 70—90 
ml of the following media: 1) beef-heart infusion (BHI) 
broth prepared at the New York Hospital; 2) thiol 
broth (Difco); and 3) tryptic-soy broth (TSB) (Scott). 
All blood cultures were routinely passed to chocolate 
agar from TSB and BHI after incubation for 24 hr and 
from BHI after incubation for 4 days. The microbiol- 
ogy laboratory at the New York Hospital performed 
all culture processing and identification of organisms. 


Results 


Of the 54 patients studied, three (5.5%) had bacter- 
emia after NT intubation. Cultures were negative in 
all patients before intubation. The three patients with 
positive blood cultures were from group I (atraumatic 
intubations). There were no positive cultures after 
intubation in patients in whom intubation was trau- 
matic even though slight or gross trauma occurred in 
39% of the patients (21 of 54). Two of the three 
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Table 1. Results of Blood Cultures after Nasotracheal Intubation 


Patent number Vasoconstrictor use 


1-27 All 


28-54 None 


patients with positive cultures had had the topical 
vasoconstrictor used. The remaining patient had not. 

The microorganisms isolated were from the Strep- 
tococcus viridans group in two patients (S. mitior and 
S. milleri) and Hemophilus influenza in the other. In 
no patient was a skin contaminant such as Staphylo- 
coccus epidermidis found in the blood cultures. One 
patient had bacteremia only in the 2-min blood sam- 
ple, one had bacteremia only in the 10-min sample, 
and one patient had bacteremia in both the 2- and 10- 
min samples. i 


Discussion 


The risk of bacteremia associated with instrumenta- 
tion of the upper airway depends on the nature of 
instrumentation, the presence or absence of under- 
lying diseases and the methods used for determining 
the presence or absence of bacteremia. Burman (6) 
reported, for example, the highest potential for bac- 
teremia by demonstrating bacteremia in 33% of febrile 
patients undergoing rigid bronchoscopy. In contrast, 
Smith et al. (7) found no bacteremia in afebrile pa- 
tients undergoing flexible bronchoscopy. 

Previous studies of the incidence of bacteremia as- 
sociated with NT intubation are similarly conflicting. 
Baltch et al. (8) found bacteremia in 33% (10 of 30) of 
patients after NT intubation for dental surgery. Ninety 
percent of all the patients in their study had severe 
periodontitis or periapical abscess formation. Simi- 
larly, Berry et al. (5) found a 12% (4 of 34) incidence 
of bacteremia after NT intubation in pediatric patients 
undergoing dental restorative procedures, though no 
blood samples for culturing were obtained prior to 
intubation. At the other extreme is the study by Ger- 
ber et al. (4) in which no patients (0 of 18) had bac- 
teremia after NT intubation. 

The present study was designed to eliminate preex- 
isting oropharyngeal infections as a factor, as well as 
to determine if there was a relationship between trauma 
to the nasal mucosa during intubation and the de- 
velopment of bacteremia. There was a small but clin- 


Trauma scale 


(number of patients) Bacteremia 


I (15) 2 (S. mitior, H. Influenza) 
O (9) 0 

m (3) 0 

I (18) 1 S. milleri 

O (8) 0 

H (1) 0 


ically important risk of bacteremia associated with in- 
tubating a patient by the NT route, as seen in positive 
blood cultures obtained in three of 54 patients. As all 
patients who proved to be bacteremic were intubated 
without any discernible trauma, it is possible that the 
portal of systemic bacterial invasion is the tracheal 
mucosa. After the endotracheal tube has picked up 
nasopharyngeal commensals, it may abrade the tra- 
cheal mucosa and introduce microorganisms into the 
circulation at the level of the trachea. 

Patients at risk for endocarditis need prophylaxis 
against a-hemolytic streptococcal bacteremia prior to 
nasal intubation as they would for operations on the 
upper airway (9). It is noteworthy that two of our 54 
healthy patients had a Streptococcus viridans bacter- 
emia. Even when atraumatic, nasotracheal intubation 
can still be accompanied by the development of bac- 
teremia. Similarly, the use of topical vasoconstrictors 
does not decrease the risk of bacteremia. 

In summary, blood cultures were obtained from 54 
patients undergoing elective orofacial surgery before 
and 2 and 10 min after nasotracheal intubation. 
Vasoconstrictors were topically applied to the nasal 
mucosa prior to intubation in 27 patients. In three of 
the 54 patients bacteremia was present. None of these 
bacteremic patients had nasal traurna during the in- 
tubation and two had topically applied vasoconstric- 
tors. Organisms present were nasopharyngeal com- 
mensals incriminated in both endocarditis and systemic 
infection. We conclude that nasotracheal intubation 
poses a risk for bacteremia and that the risk of such 
bacteremia does not appear to be related to trauma 
to the nasal mucosa during intubation and was not 
prevented by use of topically applied vasoconstrictors 
in this study. 
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Pulmonary Dysfunction during One-Lung Ventilation Caused by 
HLA-Specific Antibodies against Leukocytes 


Andre M. De Wolf, mD, Bert W. Van Den Berg, MD, Hans J. Hoffman, Mp, and 


Andre A. Van Zundert, MD, PhD 


Transfusion-related pulmonary dysfunction caused 
by leukocyte antibodies has been described (1-11). 
This reaction is attributable to the action of isoanti- 
bodies against leukocytes, which causes cellular ag- 
gregation, microvascular occlusion, and capillary 
leakage. The present report discusses such a reaction 
that occurred intraoperatively in a patient during pro- 
longed one-lung ventilation. Interestingly, preferen- 
tially the noncollapsed lung was injured and the col- 
lapsed lung showed only minimal radiologic signs of 
edema after reexpansion. 


Case Report 


A 42-yr-old man was scheduled for a transthoracic 
anterior spondylodesis (Th8-Th12) using the Zielken- 
Slot technique. The patient had been admitted about 
1 month previously, after multiple trauma caused Th9, 
Th10, and Th11 vertebral compression fractures, cre- 
ating a kyphosis and some narrowing of the spinal 
canal, but without neurologic injury. He also sus- 
tained a tibial fracture that required open reduction 
and internal fixation, as well as rib fractures (second 
through fifth, left) complicated by a left-sided pneu- 
mothorax that necessitated placement of a chest tube, 
and mild bilateral pulmonary contusion that required 
supplemental oxygen for 1 day. Pulmonary function 
recovered quickly, and the chest x-ray returned to 
normal within 48 hr. 

After induction of anesthesia, the trachea was in- 
tubated with a 39-F left-sided polyvinyl chloride dou- 
ble-lumen endobronchial tube without difficulty. Good 
position was confirmed by auscultatian before and 
after placing the patient into the right lateral decubitus 
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position. One-lung ventilation was considered to be 
desirable to allow better exposure for the surgeon and 
to decrease traumatic manipulation of the upper lung. 
Monitoring included use of a right radial artery cath- 
eter, a triple-lumen, balloon-tipped pulmonary artery 
catheter, and end-tidal CO, recording. Arterial blood 
gas tensions were measured intermittently. A left 
thoracoabdominal incision was performed with inci- 
sion of the diaphragm. Initially both lungs were ven- 
tilated with a tidal volume (VT) of 800 ml and a fre- 
quency of 15/min. Peak airway pressures were about 
28 cm H,O. Pulmonary artery (PA) pressures were 
25-30/10-15 mm Hg, with pulmonary capillary wedge 
pressures (PCWP) of 8-10 mm Hg and central venous 
pressures (CVP) of 6-8 mm Hg. After thoracotomy, 
only the nght lung was ventilated with 80% oxygen, 
with the lumen of the tube going to the left lung left 
open to air. Ventilation was continued with a VT of 
600 ml and a frequency of 20 breaths/min, and 5 cm 
H20 of positive end expiratory pressure (PEEP) was 
applied to the lower lung. Peak airway pressure was 
40 cm HO. 

Anesthesia was maintained with enflurane (0.5- 
1%)—diazepam—fentanyl—pancuronium. Arterial blooc 
gas tensions before and after initiation of one-lung 
anesthesia revealed adequate oxygenation (Pao, be- 
tween 110 and 150 mm Hg) and normocarbia (Paco, 
between 36 and 39 mm Hg). The PA pressures, PCWP, 
and CVP all increased slightly after initiation of one- 
lung ventilation; arterial pressure remained stable. 
During the operation, the patient received six units 
of whole blood to compensate for a total blood loss 
of 7600 ml. After 5 hr of one-lung ventilation, an ar- 
terial blood sample revealed a sudden decrease in 
oxygenation (Pao, 47 mm Hg) with hypercarbia (Paco, 
63 mm Hg). At the same time, pulmonary artery pres- 
sures increased quickly (50—55/25—30 mm Hg), with a 
PCWP of 15 mm Hg and a CVP of 12 mm Hg. Arterial 
systolic blood pressure did not change significantly. 
Ventilator settings had not been altered prior to this 
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episode, and expiratory minute volume appeared to 
be unchanged. Immediately, the upper lung was in- 
sufflated intermittently with 100% oxygen using a 
separate Mapleson D system; ventilation to the right 
lung was kept unchanged. A repeat arterial blood gas 
tension determination revealed a significantly im- 
proved Pao, (218 mm Hg), but Paco, changed only 
slightly (55 mm Hg). Fifteen minutes later, two-lung 
ventilation was restarted, as surgery was almost com- 
pleted. Finally, a single-lumen endotracheal tube was 
inserted without difficulty to allow postoperative ven- 
tilation. 

The patient was transferred to the intensive care 
unit (ICU), and ventilated with a V? of 800 ml, at a 
frequency of 16/min, an Fig2 of 0.60, and 7.5 cm HO 
of PEEP. Oxygenation was excellent (Pao, 187 mm 
Hg) with slight hyperventilation (Paco, 29 mm Hg). 
However, upon examination of the chest x-ray taken 
after arrival in the ICU, the left lung showed diffuse, 
fine alveolar opacification and the right lung showed 
a patchy, ill-defined infiltrate, combined with a right- 
sided pleural effusion (Fig. 1). Harsh breath sounds 
were heard on auscultation, especially over the right 
lung. A white blood cell count, preoperative 6400/mm;°, 
was abnormally low at 3600/mm°. There were 6% eo- 
sinophils in the white blood cell count on arrival in 
the ICU. The rectal temperature was 39.4°C. The pa- 
tient was given an intravenous bolus of 100 mg of 
dexamethasone. The radiologic findings returned to 
normal over 48 hr, but the left-sided changes, which 
were less intense, recovered more rapidly than the 
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Figure 1. Chest x-ray upon arrival in the 
intensive care unit, showing diffuse, fine 
alveolar infiltrates on the left side and 
patchy, ill-defined infiltrates with some 
pleural effusion on the right side. 


right-sided changes, as demonstrated by the chest x- 
ray taken 14 hr after arrival in the ICU (Fig. 2). Clin- 
ically, there was an excellent recovery, and the patient 
was extubated 24 hr after arrival in the ICU. The rest 
of the postoperative course was unremarkable. 
Serologic studies of all involved blood showed that 
one of the seven donors had human leukocyte-anti- 
gen- (HLA-) specific antibodies against leukocytes. 
This was demonstrated using the lymphocyte-toxicity 
test. The serum of the recipient did not contain an- 
tibodies against granulocytes, and a red blood cell 
incompatibility could not be demonstrated. 


Discussion 


Most complications with the use of one-lung venti- 
lation are related to hypoxemia, airway trauma, and 
malpositioning of the double-lumen tube (12). Hy- 
poxemia is not an uncommon complication during 
one-lung ventilation, and is mostly caused by the 
obligatory right-to-left shunt through the nondepen- 
dent lung. It has been advised that high concentra- 
tions of inspired oxygen be used together with low 
levels of PEEP to the dependent lung, thus avoiding 
overdistension of this lung (12). 

Following these general guidelines, we achieved 
excellent oxygenation and CO, removal during at least 
4 hr of one-lung ventilation. However, after this pe- 
riod of excellent oxygenation, hypoxia suddenly oc- 
curred, concomitant with hypercarbia. This was pre- 
ceded by a rapid increase in pulmonary artery 
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Figure 2. Chest x-ray 14 hr after arrival 
in the intensive care unit, showing al- 
most complete disappearance of the in- 
filtrates on the left side whereas the 
patchy infiltrates on the right side are 
still present. 


pressures. The PCWP remained essentially un- 
changed. The gradient between diastolic pulmonary 
artery pressure and PCWP increased, indicating an 
increase in pulmonary vascular resistance. Postop- 
eratively, the chest x-ray demonstrated alveolar opaci- 
fication, especially in the dependent lung, without 
signs of congestive heart failure. These radiological 
signs and the normal PCWP indicated that this was 
a case of noncardiogenic pulmonary edema. As other 
causes of noncardiogenic pulmonary edema were un- 
likely to be present here, although they could not be 
completely excluded, serologic tests were ordered to 
determine whether there was a leukoagglutination 
reaction. This reaction was included in the differential 
diagnosis, since three other patients with a leukoag- 
glutination reaction had been observed in this hos- 
pital during the previous year. Serologic studies showed 
that HLA-specific leukocyte antibodies were present 
in the blood of one of the donors, making it very likely 
that the observed pulmonary edema was caused by 
a leukoagglutination reaction. This diagnosis was also 
supported by the increase in body temperature, the 
decrease in white blood cell count, and the fast re- 
covery of our patient. 

Pulmonary failure caused by antigranulocyte an- 
tibodies is a relatively rare condition. Usually the leu- 
koagglutinins are found in the donor blood, acting 
against recipient leukocytes. Less often, the recipient 
has antibodies against donor leukocytes (6,8—11,13). 
This reportedly causes a less severe reaction, and 
therefore less severe symptoms. Frequently there is 
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only a febrile reaction (10). There are two types of 
leukocyte antibodies: HLA- and non-HLA-related an- 
tibodies. It is unclear whether HLA specificity has a 
prognostic value (5,7). There seems to be a higher 
incidence of the presence of leukocyte antibodies in 
the serum of multiparous females (5,11). 

Leukostasis with pulmonary leukocyte sequestra- 
tion causes obstruction of small pulmonary blood ves- 
sels and capillaries and an increase in pulmonary vas- 
cular resistance (1). Pulmonary vasoconstriction caused 
by the release of vasoactive substances may also play 
a role in the pulmonary hypertension. The reaction 
further may involve the release of toxic oxygen rad- 
icals and proteolytic enzymes (14), causing endo- 
thelial damage and capillary leakage, and resulting in 
perivascular edema. Thus, antibody-mediated gran- 
ulocyte aggregation occurs in small blood vessels, per- 
haps with release of inflammatory mediators, or even 
with the activation of the complement cascade 
(2—4,6,13,14). In any event, the end result is loss of 
microvascular integrity, causing edema and hypox- 
emia (2,3,5,7). It has been suggested that acute lung 
injury may show a wide range of severity—from 
permeability noncardiogenic pulmonary edema, which 
is completely reversible, to adult respiratory distress 
syndrome, a much more severe pathologic process 
and one with a high mortality rate (5,15). 

A transfusion-related acute lung injury has a sud- 
den onset, usually within a few hours of transfusion. 
Symptoms initially are nonspecific, such as chills, fe- 
ver, tachycardia, dyspnea, cough, malaise, rash, back 
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pain, cardiovascular collapse, and urticaria, but soon 
pulmonary dysfunction and then pulmonary edema 
develop (1-11). Hypotension is also common. The 
severity of symptoms may be related to the degree of 
complement activation and to the underlying cardio- 
pulmonary reserve (4,13). During general anesthesia, 
objective signs include the development of a pul- 
monary shunt (1,7), an increase in alveolar dead space 
(7), and even overt pulmonary edema (1,5). Chest 
roentgenograms show interstitial and alveolar infil- 
trates without signs of cardiogenic pulmonary edema 
(cardiac enlargement, pulmonary vascular engorge- 
ment) (1-11). The onset of symptoms is rapid, but 
clinical signs resolve usually within 36—72 hr without 
sequelae, if the patient survives (1-11). It has a rel- 
atively good prognosis and low mortality, except per- 
haps in compromised patients, even if its course is 
protracted. 

Our patient recovered very quickly. There may be 
several explanations for this. First, the pulmonary 
dysfunction might not have been very severe; not 
every leukoagglutination reaction results in fulminant 
respiratory failure. The severity of the symptoms in 
the operating room can be explained by the decreased 
reserve in pulmonary function (4,13) as a result of 
one-lung ventilation, since the hypoxia and hyper- 
carbia were easily reversible by ventilating both lungs 
using moderate amounts of PEEP. 

Second, it is possible that the upper lung was in- 
jured less severely by the agglutination reaction, since 
it has been shown that microemboli are preferentially 
distributed to the ventilated lung, which receives most 
of the right ventricular output (16). This may be an 
explanation for the less severe edema of the upper 
lung, and also for its faster radiological recovery. 

It is also possible that the upper lung was barely 
injured by the leukocyte agglutination reaction, but 
that the edema was caused by a different, less se- 
vere phenomenon—namely, reexpansion pulmonary 
edema. Although classically reexpansion pulmonary 
edema is described after lung collapse of long dura- 
tion (>24 hr) (17), it has been reported that shorter 
periods of collapse (4 hr) may be followed by reex- 
pansion pulmonary edema (18-20). This type of edema 
is attributable to increased vascular permeability, 

caused by vascular stretching during reexpansion (21). 
'  Qne could say that making the diagnosis of a leu- 
koageglutination reaction is not essential, since therapy 
is supportive, and not really different from the treat- 
ment of complications producing similar findings. 
However, if must be remembered that a similar, or 
even more severe, reaction may occur when blood 
from that donor is transfused to other patients. Sim- 


i 
ee A 4 


CLINICAL REPORTS 


ilarly, if this patient had been the one with antigran- 
ulocyte antibodies, he could suffer again from a leu- 
koagglutination reaction when receiving blood. Such 
a patient should receive washed red blood cells in- 
stead, since the reaction has been described after the 
transfusion of packed cells (5). These are the reasons 
why one should persist in making an exact diagnosis. 

In summary, we present an uncommon cause of 
hypoxia during one-lung ventilation, namely, a leu- 
koagglutination reaction associated with transfusion, 
resulting in noncardiogenic pulmonary edema. Ag- 
gressive supportive therapy should lead to complete 
recovery. 
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Preoxygenation Techniques: 


Comparison of Three Minutes and Four Breaths 


A. Mark Gambee, MD, Robert E. Hertzka, MD, and Dennis M. Fisher, MD 


Administration of 100% oxygen before a “rapid-se- 
quence” induction of anesthesia is recommended to 
prevent hypoxia during induction. This preoxygen- 
ation is particularly important if difficulty with man- 
ual ventilation of the lungs or intubation of the trachea 
is anticipated. Traditionally, preoxygenation for three 
min or longer is the routine practice (1). However, 
Gold et al. (2) have challenged the need for a full three 
min of preoxygenation, suggesting that preoxygen- 
ation with four maximal inspirations was equally ef- 
fective. In this study, we examine whether the two 
techniques provide comparable protection against hy- 
poxia when apnea follows the induction of anes- 
thesia. 


Methods 


With approval from our Committee on Human Re- 
search, we obtained informed, written consent from 
12 subjects undergoing elective surgery. All subjects 
were ASA physical status 1 and nonsmokers, in whom 
no difficulties with airway management were antici- 
pated. Subjects randomly assigned to the 4-breath 
preoxygenation technique (n = 6) were instructed to 
take four maximally deep breaths as soon as the 
facemask was applied and to continue to take large 
breaths for as long as possible. Those randomly as- 
signed to the 3-min technique (n = 6) were instructed 
to breathe normally for as long as possible from the 
time the mask was applied. 

Patients were then brought, unpremedicated, to 
the operating room where a fingertip oximeter probe 
(Nellcor N-100®) was applied. The oximeter was ad- 
justed to its rapid update mode, i.e., time averaged 
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over 2—3 sec in contrast to the usual 5-7 sec (adden- 
dum to the Instruction Manual, Nellcor Pulse Oxi- 
meter Model N-100, Nelicor Incorporated, Hayward, 
CA). d-Tubocurarine, 3.0 mg, was administered 3-4 
min before the anticipated administration of succi- 
nylcholine. All patients breathed 100% oxygen through 
a Vital Signs® clear facemask, attached to a circle sys- 
tem that had been flushed with oxygen and through 
which oxygen, 10 L/min, was flowing. After the ap- 
propriate period of preoxygenation, anesthesia and 
paralysis were induced with 4.0 mg/kg thiopental and 
1.5 mg/kg succinylcholine. With the onset of apnea, 
the facemask was removed and no attempts were made 
to alter the position of the patient’s head or jaw. Sup- 
plemental doses of thiopental, 1.0 mg/kg, were ad- 
ministered 2 min after the initial dose and then every 
minute until the completion of the study. Supple- 
mental doses of 0.5 mg/kg succinylcholine were ad- 
ministered 3 min after the initial dose and then every 
2 min until the completion of the study. Arterial ox- 
ygen saturation (Sao) was recorded before the 
administration of oxygen, before the induction of 
anesthesia, and at 15-sec intervals until Sao, de 
creased to 90%. The lungs were then ventilated with 
100% oxygen. 

Mean times for the two techniques for the onset of 
apnea and for Sao, to decrease to 97%, 95%, 93%, 
and 90% were compared using a Mann-Whitney U- 
test. A P value of <0.05 was considered statistically 


significant. 


Results 


Age, height, weight, sex, and preoperative hemoglo- 
bins were similar in the two groups, as was the time 
from administration of thiopental until onset of apnea 
(Table 1). Arterial oxygen saturation was 99-100% in 
all subjects after preoxygenation. The times for Sao 
to decrease to 97%, 95%, 93%, and 90% were more 
variable but significantly shorter with the 4breath 
technique (Table 2). 
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Table 1. Demographic Data and Time to Apnea for Subjects Preoxygenated with Two Different Techniques 


Preoxygenation Age Height Weight Hemoglobin Time to apnea 
technique (yr) (cm) Sex (g/100 ml) (min) 
3min (n = 6) 28 +5 168 + 14 58 + 13 4F:2M 13.5 + 1.5 0.6 + 0.1 
(23-37) (152-183) (45-75) (12.0-16.3) (0.5-0.6) 
4-breath (n = 6) 30 +4 175 + 10 66 + 10 4F:2M 13.4 + 1.5 0.4 + 0.2 
(25-35) (163-193) (50-79) (12.1-15.4) (0.2-0.7) 
Values are mean + sD, range in parentheses. 
Table 2. Times to Arterial Desaturation for Subjects Preoxygenated with Two Different Techniques 
Preoxygenation Time to 97% Time to 95% Time to 93% Time to 90% 
technique saturation {min) saturation (min) saturation (min) saturation (min) 
3-min (n = 6) 7.9 = 0.8 8.4 + 0.8 8.6 + 1.0 8.9 + 1.0 
(7.2-9.5) (7.8-10.0) (7.8-10.5) (8.2-11.0) 
4-breath (n = 6) 5.6 + 1.4 6.0 + 1.4" 6.3 + 1.54 6.8 + 1.8 
(3.2-7.1) (3.6-7.4) (3.8-7.6) 


Values are mean + SD, range in parentheses. 
‘Significantly different from 3-min (P < 0.05 by Mann-Whitney U-test). 


Discussion 


During induction of anesthesia, many factors (e.g., 
airway obstruction, hypoventilation, and anesthetic- 
induced apnea) may result in hypoxia. Drummond 
and Park (3) demonstrated that patients who breathed 
air before the induction of anesthesia with thiopental 
and succinylcholine and whose lungs were not ven- 
tilated after receiving these drugs, developed hypox- 
emia (SaO ranging from 76-95%) within 60 sec. To 
increase the amount of oxygen available (oxygen re- 
serve) and thus prevent hypoxia during induction of 
anesthesia, 100% oxygen-is often administered to the 
patient. Traditionally, 3-5 min of preoxygenation has 
been recommended to ensure an adequate oxygen 
reserve during a ‘‘rapid-sequence” induction of anes- 
thesia. Three minutes is used because of the obser- 
vation by Hamilton and Eastwood (1) that denitrog- 
enation of the lungs is more than 95% complete in 3 
min or less in subjects breathing through a circle sys- 
tem with a fresh gas flow of 4 L/min. Preoxygenation 
for 5 min was recommended by Dillon and Darsie (4) 
to prevent hypoxemia after the administration of thio- 
pental; however, they did not examine whether shorter 
periods were sufficient. 

Recently, Gold et al. (2) demonstrated in awake 
patients that preoxygenation with either 5 min of 
breathing at normal rates and tidal volumes, or four 
“maximally deep breaths”, produced comparable in- 
creases in arterial oxygen tension (PaO2) and oxygen 
content. In addition, Gold and Muravchick (5) dem- 
onstrated that the Pao, in patients who took four 
maximal breaths of oxygen before the induction of 


(4.0-9.0) 


anesthesia increased above that of patients who 
breathed air before induction. They measured Pao, 
after laryngoscopy and again after intubation of the 
trachea. Subsequently, Norris and Dewan (6) com- 
pared 3-min and 4-breath preoxygenation in pregnant 
women undergoing a rapid-sequence induction for 
cesarean section and found that oxygenation of ma- 
ternal and fetal blood was comparable with the two 
techniques. However, the duration of apnea in these 
subjects, although not reported, was presumably short. 
In addition, measurements of fetal oxygenation were 
obtained from umbilical cord blood taken at delivery, 
at which time mothers in both groups had breathed 
50% oxygen for at least 2 min (personal communi- 
cation, Mark Norris, MD). Thus, the extent to which 
the choice of preoxygenation technique for the mother 
influenced fetal oxygenation is difficult to assess. It 
is unlikely that either technique would have an impact 
on fetal oxygenation. 

We found that patients rendered apneic after 
preoxygenation with four breaths had more rapid on- 
set of, and a more variable time to, arterial oxygen 
desaturation than did patients preoxygenated for 3 
min. There are several possible explanations for our 
results. First, it is likely that the inspired oxygen con- 
centration was lower in the four-breath group than 
in the 3-min group, because of the rebreathing char- 
acteristics of a circle system. Hamilton and Eastwood 
(1) demonstrated that at 28.5 + 6.9 sec after admin- 
istering 10 L/min of 100% oxygen through a circle 
system, expired nitrogen concentration was 30% but 
by 144 + 24 sec, it was only 5%. In our subjects taking 
maximal inspirations (four-breath technique), minute 
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ventilation would markedly exceed the fresh-gas flow 
of 10 L/min; consequently, rebreathing of expired gas 
will occur (7), decreasing the inspired oxygen con- 
centration. In contrast, in our subjects using the 3- 
min technique, minute ventilation would be lower 
than fresh gas flow and inspired gas would be 100% 
oxygen. This would result in a higher alveolar Po, 
and oxygen reserve in the 3-min group. 

second, we estimated oxygen reserve by measur- 
ing the time required for arterial desaturation to occur 
after induction of anesthesia. Other investigators have 
estimated oxygen reserve indirectly by measuring Pao, 
(2,5,6). However, factors other than Pao at the com- 
pletion of preoxygenation may influence oxygen re- 
serve. For example, if a patient’s lung volume is below 
functional residual capacity, which is more likely to 
occur with the 4-breath technique because these pa- 
tients may actively exhale immediately before the on- 
set of apnea, and if the patient’s airway remains pat- 
ent, elastic recoil of the chest wall might result in 
entrainment of air, diluting the oxygen content of the 
lung and decreasing oxygen reserve. 

It is also possible that subjects studied by other 
investigators were better coached than ours at taking 
maximal inspirations. If this is true, it would suggest 
that the four-breath technique depends on patient 
skill and cooperation, which would decrease its reli- 
ability. | 

In summary, we found that Sao, decreased more 
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rapidly in patients preoxygenated with four breaths 
compared with those preoxygenated for 3 min. Al- 
though healthy patients undergoing routine anes- 
thetic induction receive adequate protection against 
hypoxia with four maximal inspirations of oxygen (as 
evidenced by our finding that the shortest time to 
desaturation was 4.0 min), patients in whom ‘a pro- 
longed period of apnea might occur after induction 
of anesthesia should probably breathe oxygen for at 
least 3 min before the administration of anesthetic 
drugs. 
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Emergency One-Lung High-Frequency Positive-Pressure 


Ventilation (HFPPV) 


Sture Larsson, MD, PhD, and Gunnar Nordberg, MD, PhD 


Narrowing of the upper respiratory airways is often 
extreme before symptoms appear. Three of five pa- 
tients with primary tracheal tumors at our institution 
had to be intubated acutely because of rapid devel- 
opment of severe asphyxia. This report describes the 
use of high-frequency positive-pressure ventilation 
(HFPPV) as an emergency procedure in such a pa- 
tient, who previously had had a left pneumonectomy. 


Case Report 


A 33-year-old man had had a left pneumonectomy 4 
yr previously because of sarcoma. Small islands of the 
tumor were found in the mucosa distally in the main 
bronchus at some distance from the main tumor. Re- 
covery was uneventful. 

He was now admitted because of increasing short- 
ness of breath. Tomography and bronchoscopy showed 
the distal trachea to be almost occluded by a tumor 
(Figs. 1, 2A, 2B). Because of rapidly developing as- 
phyxia, ventilatory support had to be instituted. Un- 
der general anesthesia (intravenous fentanyl and an 
intravenous infusion of methohexital and succinyl- 
choline), rigid bronchoscopy was performed. The tu- 
mor was visualized and a catheter (diameter 5.3 mm) 
with distal side holes was passed down the broncho- 
scope and past the tumor into the right main bron- 
chus. HFPPV was started through the catheter using 
a low-compression system with a fixed ventilatory 
frequency (60/min) and relative insufflation time ratio 
(22%). The gas mixture consisted of 40-100% oxygen 
in air. With an inflow volume of 15 L/min, however, 
the expiration passage was insufficient and hyper- 
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inflation of his lung was noted. The ventilator used 
was so designed that if intratracheal pressure exceeds 
20 cm HLO, ventilation is discontinued. Not until a 
small outflow catheter had been introduced into the 
main bronchus to prevent positive pressure distal to 
the tumor did ventilation become adequate. The bron- 
choscope was then removed and the anesthetics dis- 
continued. Subsequent HFPPV was well tolerated with 
little need for sedatives or tranquilizers. Chest x-rays 
and arterial blood gas tensions showed good gas ex- 
change and no signs of atelectasis. 

About 14 hr later, while still on one-lung HFPPV, 
he was taken to the operating room for resection of 
the tracheal lesion. Blood gas data during the pro- 
cedure were as shown in Figure 3. Operating con- 
ditions were excellent without the interference of a 
moving lung. Four centimeters of the distal trachea 
with the tumor was resected, and a primary end-to- 
end anastomosis was easily performed via a right tho- 
racotomy. Upon opening of the trachea, the bronchial 
mucosa was found to be dry, bright red, and covered 
with crusts near the tip of the catheters. The outflow 
catheter was almost obstructed by inspissated secre- 
tions. The bronchial tree was repeatedly irrigated with 
saline and the crusts were removed. At completion 
of the anastomosis, the catheters were withdrawn and 
ventilation resumed through a nasotracheal tube (Por- 
tex no. 7). The patient was able to breathe sponta- 
neously 4 hr after the end of the operation and was 
extubated. 

The postoperative course was uncomplicated. The 
tumor was a sarcoma of the same type as that pre- 
viously removed from the left lung. 

The patient subsequently underwent three major 
thoracic operations for recurrences of the disease with 
conventional intermittent positive-pressure ventila- 
tion (PPV). He was given radiotherapy and chemo- 
therapy. Nevertheless, he died suddenly almost 7 yr 
after the first operation and 30 months after the tra- 
cheal resection. No autopsy was performed, but no 
stenosis of the anastomosis or local recurrence had 
been observed. 
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Figure 1. Chest x-ray showing the tumor in the distal trachea. Tracheal deviation to the left as a result of the previous left pneumonectomy 
was enhanced by the tumor in the trachea, causing air trapping and hyperinflation of the remaining right lung. 


Discussion 


A method of ventilation frequently used during tra- 
cheal surgery utilizes endotracheal tubes and IPPV. 
After opening the trachea and resecting the obstruct- 
ing tumor or stenosis, the tracheal tube is passed down 
into the distal portion of the airways. Alternatively, 
the airway can be managed by insertion of another 
(sterile) tube by the surgeon through the incision into 
the trachea. This tube, however, has to be removed 
during anastomosis of the cut ends of the trachea and 
an oro- or nasotracheal tube passed beyond the area 
resected into the distal airways. This method is clumsy, 
makes surgery difficult, and is associated with poor 
control of ventilation. 

An alternative method is the use of HFPPV. Orig- 
inally introduced by Heijman et al. (1), HFPPV has 
been said to achieve adequate ventilation with tidal 
volumes that are smaller than anatomic dead space 
and thus smaller than tidal volumes used for con- 
ventional volume-controlled ventilation. HFPPV also 


is associated with fewer circulatory side effects. Thin- 
walled endotracheal HFPPV catheters facilitate the 
surgical access to the airway, and the technique has 
been widely used for bronchoscopy and laryngeal mi- 
crosurgery (2). 

Although HFPPV has been successfully practiced 
in open-chest surgery, including management of sur- 
gical resection of stenotic areas in the major airways 
(3-5), HFPPV in such instances is required for a few 
hours only during the operative procedure. To our 
knowledge, HFPPV had not previously been used in 
the preoperative procedure to manage ventilation in- 
volving a tracheal obstruction from an occluding tu- 
mor. As he had only one lung, management of the 
patient in the present report was especially difficult. 

After admission to the hospital, the patient dete- 
riorated rapidly, became anxious, and had obvious 
ventilatory problems. For technical reasons, the tra- 
cheal operation had to be postponed, and in the 
meanwhile assisted ventilation had to be instituted. 
Knowledge that the tumor almost occluded the distal 
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Figure 2. (A) The distal trachea with the tumor in situ as seen through the bronchoscope. (B) The tumor almost occludes the lumen. 
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trachea, and the possibility of causing bleeding from 
the tumor, made conventional intubation and IPPV 
less suitable than HFPPV. With one lung only, the 
anatomical condition of the right lung with a very 
short main bronchus meant that positioning of an 
endotracheal tube necessarily would have to be very 
precise so as not to occlude the upper lobe bronchus. 
For these reasons, HFPPV witha thin catheter seemed 
to be an attractive option. We felt it would be safer if 
bronchoscopy were performed and the insufflation 
catheter inserted past the tumor under visual control. 


INTUBATION 









Figure 3. Diagram of operative and venti- 
latory conditions during emergency one-lung 
HFPPV for almost 19 hr. 





When HFPPV was started, however, the airway was 
too small to allow exsufflation and the lung became 
hyperinflated. A second catheter, which bypassed the 
tracheal obstacle, was inserted to facilitate expiration. 
The presence of this second catheter did not interfere 
with subsequent HFPPV. 

HFPPV is normally well accepted by patients (6). 


This was also seen in the present report; the patient 


tolerated HFPPV for 14 hr with very little need for 
sedatives. In spite of long-term low airway pressure 
associated with this technique, he did not develop 
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atelectasis; chest x-ray was normal and blood gases 
showed good oxygenation. 

During surgery via a right-sided thoracotomy, 
HFPPV was continued but adequate oxygenation and 
ventilation were more difficult to maintain. An in- 
crease in Fio to 50-100% restored Pao, to normal 
values for the major part of the operation, but prc- 
gressive arterial acidosis developed. The impaired 
gaseous exchange may in part have been related to 
compression of lung tissue caused by the surgical ma- 
nipulations. The lung was still more likely to deflate 
when the main bronchus was open. During this part 
of the operation, it was more difficult to ventilate the 
lung and to maintain adequate gaseous exchange. 
However, this type of ventilation provided excellent 
surgical access to the trachea, and the operating time 
could be shortened accordingly. 

The anatomical condition of the right lung created 
a problem with the correct placement of the catheter 
and may have contributed further to ventilation in- 
sufficiency. The right upper lobe bronchus arose at 
the most a few centimeters from the resection border. 
To prevent the HFPPV catheter from coming out of 
the main bronchus because of pressure waves set up 
by the insufflation, the catheter had to be placed deep 
into the bronchus, thus risking inadequate ventilation 
of the upper lobe. The positioning of the catheter tip 
was of vital importance, particularly in the right lung. 
Possibly the catheter could have been sutured tem- 
porarily to the bronchus to overcome this problem. 
Alternatively, the problem could have been solved by 
ventilation through two catheters. In addition to a 
catheter deep in the bronchus, a second catheter could 
be placed more proximally to provide for the venti- 
lation of the upper lobe. 

Upon opening of the main bronchus in the present 
case, the mucous membrane was found to be dry anc 
covered by crusts. Surprisingly little attention has beer 
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paid to this problem in clinical practice. The high gas 
flow involves the risk of desiccation of bronchial mu- 
cosa. The damage will increase with increasing du- 
ration of ventilation. With prolonged use of high-fre- 
quency ventilation, adequate humidification of the 
gas mixture is necessary. The equipment we used has 
no humidifier, though several techniques have been 
employed during high-frequency ventilation to assure 
humidification (7) and would have been beneficial in 
the present case. 

The present case demonstrates that, if certain pre- 
cautions are taken, it is possible with HFPPV to achieve 
adequate endobronchial ventilation for a considerable 
period of time and the method may be livesaving in 
patients with severe asphyxia because of tracheo- 
bronchial obstruction. 
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Treatment of Intrathecal Morphine Overdose by Aspiration 


of Cerebrospinal Fluid 


Kevin G. Kaiser, MD, and Cedric R. Bainton, MD 


Intrathecal morphine provides selective analgesia for 
postoperative and chronic pain. However, numerous 
case reports describe respiratory depression associ- 
ated with use of intrathecal morphine (1). Although 
most cases can be safely and effectively treated with 
naloxone (2), we describe a case of intrathecal mor- 
phine overdose treated by aspiration of cerebrospinal 
fluid (CSF) and instillation of normal saline. 


Case Report 


An 81-yr-old, 45-kg, 150-cm man was scheduled for 
elective left hemicolectomy for repair of a recurrent 
sigmoid volvulus. The patient had a history of two 
previous myocardial infarctions (the most recent, 4 yr 
before this admission), severe three-vessel coronary 
artery disease inoperable because of poor distal ves- 
sels, and congestive heart failure. 

The patient was premedicated with oral diazepam 
(5 mg). Radial artery and pulmonary artery catheters 
were inserted. A spinal catheter was inserted at the 
L3—4 interspace using a paramedian approach and 
free flow of CSF was demonstrated. Using 1% lido- 
caine, continuous spinal anesthesia to a T-6 sensory 
level was obtained. General anesthesia was induced 
with 75 mg thiamylal and the trachea was intubated 
after intravenous administration of 100 mg succinyl- 
choline. Anesthesia was maintained with a low con- 
centration of isoflurane and oxygen. The operation 
was uneventful and the patient remained hemody- 
namically stable. Two hours before the end of sur- 
gery, 0.75 mg of morphine in a volume of 1.5 ml was 
administered intrathecally via the spinal catheter. When 
surgery was completed, the trachea was extubated 
and the patient taken to the surgical intensive care 
unit. On arrival, he was awake and alert and com- 
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plained of pain at the surgical site. Intravenous mor- 
phine, 3 mg, administered in divided doses, even- 
tually provided pain relief. The spinal catheter was 
left in place. 

The following morning, the patient again com- 
plained of pain at the surgical site. Accidentally, 5 mg 
of morphine in 10 ml was administered via the spinal 
catheter rather than the intended 0.5 mg. The patient 
obtained excellent pain relief. Four hours later he be- 
came markedly somnolent. At this time, the acciden- 
tal overdose was discovered. An arterial blood sample 
obtained while the patient was breathing oxygen via 
a nasal cannula (5 L/min) showed pHa to be 7.36, 
Pao, 129 mm Hg, and Paco, 40.5 mm Hg; prior to 
the intrathecal dose of 5 mg, pHa was 7.46, Pao 145 
mm Hg, and Paco, 33 mm Hg. 

As the patient became more obtunded, we decided 
to aspirate CSF through the spinal catheter to remove 
the excess morphine. Within 10 min, a total of 50 ml 
of CSF was removed. The patient complained of a 
mild headache. Sterile normal saline (50 ml) was then 
instilled into the CSF over a period of 6 min. When 
this injection was complete, the patient was fully awake 
and had nc headache. He complained of severe pain 
at the surgical site and bilateral lower leg cramps. 
Intravenous morphine, 7 mg, was administered, but 
did not provide relief. Intrathecal morphine, 1 mg, 
was then reintroduced, in divided doses, providing 
excellent pain relief without sedation or evidence of 
respiratory depression. An arterial blood sample ob- 
tained 4 hr later indicated a pHa of 7.38, Pao, of 104 
mm Hg, and Paco, of 31 mm Hg. 


Discussion. 

Management of respiratory depression secondary to 
intrathecal morphine requires close monitoring of res- 
piratory status and possible treatment with naloxone. 
Although naloxone provides safe and effective treat- 
ment for these side effects, we were concerned that 
the effects of the large dose of morphine administered 
to this relatively small patient might be too prolonged 
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and lead to an extensive stay in the intensive care 
unit. Therefore, we chose to remove CSF and replace 
it with normal saline. The result of this treatment was 
a rapid correction of both respiratory and central ner- 
vous system depression. The technique of withdraw- 
ing CSF to control the level of spinal anesthesia in- 
duced with procaine was described in 1942 by Lemmon 
and Paschal (3). To our knowledge, ours is the first 
reported case using the same technique to control the 
concentration of intrathecal morphine. 

Our results raise several questions. First, did the 
rapid reversal of adverse effects in our patient result 
from the actual removal of morphine from the sub- 
arachnoid space, or from changes in volume and pres- 
sure within the subarachnoid space due to removal 
of CSF and/or instillation of saline? Although we did 
not directly measure the amount of morphine with- 
drawn, it is likely that the 50 ml of CSF removed 
contained much of the administered dose. Morphine 
is hydrophilic (2); thus, a major portion of any in- 
trathecally administered dose remains in the spinal 
fluid. Furthermore, the volume of distribution of in- 
trathecal morphine is approximately one half the total 
volume of CSF (4), which is approximately equal to 
the spinal CSF volume. It is therefore likely that the 
removal of 50 ml of CSF in our patient (the approxi- 
mate equivalent of his spinal CSF volume) removed 
a large portion of the 5-mg intrathecal morphine dose. 
This would explain the observed rapid reversal of 
adverse effects. 

If spinal CSF retains a higher concentration of mor- 
phine than supraspinal morphine, as suggested by 
Nordberg et al. (4), then withdrawing CSF from the 
lumbar area may have produced a bulk flow of CSF 
from the supraspinal centers that diluted the mor- 
phine concentration in spinal CSF and decreased the 
degree of analgesia. The pain the patient experienced 
after aspiration of CSF was specific to the surgical site, 
i.e., it was the same pain experienced before receiving 
intrathecal morphine, and was relieved only after 
reinjection of a 1-mg intrathecal dose. If the pain had 
been caused by the instilled saline, or by changes in 
CSF pressure or volume, we would have expected to 
find generalized, nonspecific pain because pain fibers 
beyond those of the surgical wound site would have 
been stimulated. 

Our patient did complain of bilateral lower leg 
cramps. However, he had a history of leg cramps 
regularly treated with quinine sulfate. The leg cramps 
experienced after removal of intrathecal morphine were 
probably an aggravation of this chronic condition, and 
may have been precipitated by hyperventilation and 
a lowered ionized fraction of calcium due to the pa- 


CLINICAL REPORTS 


tient’s agitated state. Although Lucas et al. (5) re- 
ported that intrathecal injection of hypertonic saline 
commonly produced muscle spasms, they did not in- 
dicate the concentrations of “hypertonic saline” used. 
There are no reported adverse effects from the in- 
trathecal injection of normal saline at room temper- 
ature. 

Second, what is the effect of sodium chloride on 
the effects of intrathecal morphine? The replacement 
of CSF by an equal volume of normal saline would 
dilute any morphine remaining in the subarachnoid 
space. It would also maintain the total CSF volume 
and pressure, and thus reduce the risk of spinal head- 
ache. In addition to these direct effects, in vitro stud- 
ies have demonstrated that low concentrations (1 mM) 
of sodium may impair the binding of opiate agonists 
to opiate receptors (6). The concentration of sodium 
in CSF is approximately equal to that in plasma (7). 
Instilling normal saline, which has a sodium concen- 
tration of 154 mEq/L, into the subarachnoid space of 
a patient whose serum sodium is 138 mEq/L would 
increase the CSF concentration of sodium to a level 
that might impair morphine binding to appropriate 
receptors. Thus, the increased CSF sodium concen- 
tration in our patient may have contributed to the 
observed rapid reversal of adverse effects. 

Third, what are the implications of our observa- 
tions for the site of action of intrathecal morphine? 
The major site of action of spinal opioids is thought 
to be in the substantia gelatinosa within the dorsal 
horn (2). In our case, the speed with which the as- 
piration and replacement of CSF with normal saline 
reversed the toxic effects of intrathecal morphine is 
consistent with the possibility that spinal opiates also 
have an effect upon the spinal roots and ganglia (8). 
The diffusion of morphine from the substantia gela- 
tinosa would take much longer than could account 
for the rapid reversal of effects observed in our pa- 
tient. 

In summary, we describe a case in which aspiration 
of CSF and intrathecal instillation of normal saline 
quickly reversed respiratory and CNS depression 
caused by an overdose of intrathecal morphine. We 
propose the following mechanisms to explain this ef- 
fect: direct removal of intrathecal morphine in spinal 
CSF, dilution of any remaining morphine by normal 
saline and by bulk CSF flow from supraspinal centers, 
and displacement of morphine from its receptors by 
a saline-induced increase in the CSF concentration of 
sodium. We conclude that intrathecal aspiration of 
CSF and instillation of normal saline is an effective 
alternative treatment for an overdose of intrathecal 
morphine. 
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Anesthetic Management of Pheochromocytoma Resection 


during Pregnancy 


Steve Z. Mitchell, Mp, Jay D. Freilich, pps, MD, Donald Brant, CRNA, and 


Michael Flynn, MD 


Pheochromocytoma during pregnancy has been re- 
ported in 128 cases in the world literature. In only 
33% of these cases was the diagnosis made before 
delivery (1). Overall maternal and fetal mortality rates 
have been reported at 48 and 55%, respectively (2). 
Although it has generally been recommended that 
before the third trimester, the treatment of choice is 
resection of the tumor (1-3), there has been little doc- 
umentation to support this viewpoint. Moreover, de- 
spite several reports (4-9) of anesthetic management 
of these cases at parturition, reports of management 
before the third trimester are absent from anesthetic 
literature. 


Case Report 


A 29-yr-old pregnant woman, gravida 2, para 1, pre- 
sented at approximately the twentieth week of ges- 
tation (confirmed by ultrasound) with hypertension 
of 180/110 mm Hg. Admission ECG showed normal 
sinus rhythum without ectopy. She denied headache, 
blurred vision, excessive weight gain, dependent 
edema, or previous problems with high blood pres- 
sure. The course of her initial pregnancy was unre- 
markable other than for placenta previa diagnosed 
during labor and resulting in emergency cesarean sec- 
tion with delivery of a normal neonate. Her remaining 
past medical history was noncontributory. Initial 
physical examination and routine laboratory values 
were unremarkable. Fundal height was 19 cm and 
fetal heart tones were present. Medications included 
prenatal vitamins. Presumptive diagnosis was hy- 
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pertension of unknown etiology, with pregnancy ar 
duced hypertension to be ruled out. 

Subsequent urinary studies revealed normeta- 
nephrine to be 8.5 ng/24 hr (normal 0-0.9), meta- 
nephrine 0.1 (normal 0-0.4), vanillylmandelic acid 
(VMA) 28.19 ng/24 hr (normal 2.5-3.8), and total cate- 
cholamines 1989 ug/24 hr (normal 0-280). Abdominal 
ultrasound revealed an 8-cm right adrenal mass. No 
other radiologic or invasive studies were performed. 

The patient was hospitalized for blood pressure 
control and preoperative preparation for tumor re- 
moval. She was treated with phenoxybenzamine; the 
initial dose of 10 mg twice a day was gradually in- 
creased to a final dose of 20 mg four times a day; and 
propranolol, the initial dose of 10 mg twice a day 
being increased to a final dose of 20 mg twice a day. 
Her blood pressure stabilized in the 160/90 mm Hg 
range 2 weeks before surgery. During this period she 
had a normal heart rate without arrhythmias. There 
were no episodes of postural hypotension, nor did 
she have a significant anemia. She was brought to 
surgery at 24 weeks gestation. 

The night before surgery the patient received oral 
cimetidine 300 mg. On the morning of surgery the 
patient received cimetidine 300 mg and sodium citrate 
30 ml orally. Intravenous injection by the anesthe- 
siologist of morphine sulfate 10 mg and diazapam 10 
mg was required before the desired state of sedation 
was achieved. On arriving in the operating room, a 
right radial arterial catheter was inserted along with 
a pulmonary artery catheter through the right internal 
jugular vein. Monitoring included ECG, automated 
blood pressure measurement, temperature probe, 
esophageal stethoscope, and external] fetal heart rate 
monitor. After preoxygenation, cricoid pressure was 
applied and anesthesia induced with thiopental 400 
mg plus succinylcholine 100 mg. After tracheal in- 
tubation, anesthesia was maintained with fentanyl 
750 ug, nitrous oxide 50%, oxygen 50%, and enflurane 
0.5-1%. Relaxation was provided with atracurium. A 
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minimal amount of trimethaphan intravenous infu- 
sion and 2 mg propranolol were required for a post- 
intubation blood pressure of 190/120 mm Hg with a 
heart rate of 120 beats/min. A nitroglycerin infusion 
was later required during tumor manipulation when 
mean arterial pressure reached a maximum of 100 mm 
Hg. Pulmonary artery pressures remained stable 
throughout surgery with a wedge pressure of about 
23 mm Hg. Estimated blood loss was 700 ml. A total 
of 5.5 L of crystalloid was given during the 3-hr pro- 
cedure; urine output was 589 ml. Abdominal explo- 
ration revealed an 8 x 10 cm suprarenal mass and a 
right adrenalectomy was performed. Fetal monitoring 
revealed no gross aberrations of heart rate during this 
procedure. 

The patient's postoperative course was uneventful, 
although her hypertension was not completely cured. 
She was maintained on phenoxybenzamine despite 
normal urinary VMA/catecholamine levels postoper- 
atively. An elective cesarean section was performed 
in the 39th week of gestation. Epidural anesthesia was 
used and the procedure was tolerated with little change 
in hemodynamic function. A 2977-g male infant was 
delivered with 1- and 5-min Apgar scores of 9 and 9. 
Abdominal exploration through the incision revealed 
no right suprarenal masses nor other evidence of 
metastatic disease. Subsequent postpartum course has 
been uneventful for both mother and child, with com- 
plete resolution of the maternal hypertension. Uri- 
nary metanephrine and catecholamines were both 
within normal limits 6 months postoperatively. 


Discussion 

The anesthetic management of pheochromocytoma in 
nongravid patients has been well-described (10,11). 
There are, however, additional factors that must be 
addressed in dealing with pregnant patients with this 
tumor. These include: 1) effects of drugs and anes- 
thetic agents on uterine activity and the fetus; 2) pre- 
mature rupture of membranes, complicated by en- 
suing hypertensive crisis (12), with increased fetal and 
maternal morbidity and mortality; 3) maternal hy- 
potension, hypoxia, or hypocarbia with resultant pla- 
cental insufficiency and fetal distress; 4) stresses of 
anesthesia and surgery resulting in premature labor 
(13); 5) increased difficulty in tumor definition pre- 
operatively due to restricted radiologic studies for fear 
of excessive fetal exposure to radiation; 6) increased 
tumor vascularity during pregnancy (2); 7) contro- 
versy in the literature regarding the desirability of 
surgical or medical management of these patients 
(14,15); 8) an 11% maternal mortality rate and 50% 
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fetal mortality rate, even in cases with antepartum 
diagnosis of pheochromocytoma (2). 

The cornerstone of medical management remains 
a-adrenergic blockade with phenoxybenzamine. This 
drug provides control of the hypercatecholemic state 
and its associated constriction of the intravascular space 
that leads to relative hypovolemia and hypertension. 
The administration of a-blockers results in the res- 
toration of intravascular volume and normal to low 
vascular tone. Review of cases of tumor excision with 
delayed delivery revealed a 22% maternal mortality 
rate and 75% fetal mortality rate in non-a-blocked 
patients, but no maternal or fetal mortality when a- 
blockers were used (15). 

The preoperative use of propranolol remains con- 
troversial. B-Blockers, used only in the presence of a- 
blockade to prevent exacerbation of hypertension due 
to unopposed vasoconstriction, may be essential to 
decrease the hyperdynamic state and to control ar- 
rythmias. There have been reports associating the use 
of propranolol with intrauterine growth retardation 
(16). Moreover, there is concern that B-blockade may 
cause increased myometrial irritability and premature 
labor. A recent review, however, suggests that ther- 
apy with -blockers for control of hypertension in 
pregnancy appears to improve the likelihood that the 
fetus will be normal (16). | 

The choice of a potent inhalation agent in these 
cases seems appropriate as a means to provide uterine 
relaxation and decrease the possibility of premature 
labor. It is essential, however, to avoid acute fluctua- 
tion in cardiovascular function during anesthesia 
administration. Exacerbations of hypertension may 
lead to stroke or acute congestive heart failure. Avoid- 
ance of hypertension may be especially difficult if a 
rapid sequence induction is used on the basis that a 
pregnant patient is considered to have a “full stom- 
ach.” Preoperative management of a full stomach 
should include Hz blockade and antacids. 

General principles of managing any patient with 
pheochromocytoma must be followed (10,11). These 
include adequate depth of anesthesia to preclude car- 
diovascular instability secondary to noxious stimuli, 
prompt use of potent antihypertensives to aggres- 
sively treat hypertensive episodes, control of arrhyth- 
mias, and control of hypotension after tumor excision 
by adequate fluid replacement. 

Monitoring of patients with pheochromocytoma 
requires the use of an ECG, arterial catheter, and Foley 
catheter. The use of a pulmonary arterial catheter as 
opposed to a central venus pressure catheter to assess 
fluid requirements, has also been advocated, because 
correlation between right atrial pressure and wedge 


pressure has not always proved reliable in these pa- 
tients (17). 

In summary, a case of pheochromocytoma resec- 
tion in mid-trimester pregnancy with subsequent 
elective delivery of a healthy neonate has been de- 
scribed. Prepartum diagnosis of the pheochromocy- 
toma is necessary to improve survival rates in both 
mother and infant. Surgical excision during the first 
and second trimesters, with optimal preoperative 
preparation and perioperative monitoring, should de- 
crease both maternal and fetal mortality rates by min- 
imizing operative risks and drug effects on the mother 
and fetus. 
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Letters to the Editor 


Tonic-Clonic Activity after Sufentanil 


To the Editor: 


The article by Goroszeniuk et al. (1) prompts us to report 
a recent experience we had with narcotics and seizures. 
Our patient, a 69-yr-old, 75-kg man with three vessel coro- 
nary artery disease was scheduled for coronary artery by- 
pass grafting. Medications included propranolol, 20 mg, 
four times per day. After premedication with 2 mg loraz- 
epam and 6 mg morphine, the patient was brought to the 
operating room where ECG leads (chest lead V) were ap- 
plied and intravenous and intraarterial cannulae placed. 
While the patient was breathing 100% oxygen by mask, 
pancuronium, 1 mg, was given, followed by sufentanil, 50 
ug. The patient appeared sedated; heart rate was 86 beats/ 
minute and blood pressure 118/70 mm Hg. Shortly after 
administration of these drugs, tonic-clonic activity of the 
ex:remities started. The pupils were small and equal, with 
conjugate deviation to the right. Movements of the extrem- 
ities spontaneously ceased in less than 30 sec. Pulse and 
blood pressure remained unchanged from baseline during 
the episode. Induction was completed with incremental doses 
of sufentanil to a total of 1000 ug and pancuronium, 10 mg. 
No further abnormal movements were observed intra- or 
postoperatively. The patient was awake with spontaneous 
movement of all extremities several hours later and was 
extubated 10 hr postoperatively. No neurologic deficits were 
present. He had no memory of the event, and his post- 
operative course was unremarkable. 

Grand mal seizure activity has been reported after as 
little as 100 ug of fentanyl! (2). Seizure-like movement with 
an absence of seizure activity on a simultaneous EEG re- 
cording during fentanyl administration has been reported 
(3). Sebel et al. investigated the effects of high-dose fentanyl 
on the EEG and found no evidence of seizure activity (4). 
Hewever, high-dose fentanyl in rats can induce both clinical 
and EEG evidence of seizures (5). The effects of sufentanil 
on EEG activity has been investigated by Bovill et al., who 
found sharp wave activity of unclear significance with no 
clinical evidence of seizure activity following a dose of 15 
ugkg (6). No previous reports of seizure or seizure-like 
activity resulting from sufentanil have appeared to our 
knowledge. 

The etiology of the abnormal movement observed by us 
is unclear. It may represent seizures, myoclonic activity, or 
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an atypical form of rigidity resulting from narcotic admin- 
istration. Premedication with lorazapam did not prevent its 
occurrence. 


Johnny E. Brian Jr, MD 

Astride B. Seifen, MD 

University of Arkansas for Medical Sciences 
Department of Anesthesia 

Little Rock, AR 72205 
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Esophageal Intubation 


To the Editor: 


Birmingham et al. (1) recently reviewed techniques to detect 
a potentially fatal anesthetic mishap namely, esophageal 
intubation. Detection of a misplaced endotracheal tube is 
probably more difficult in children than in adults. Chest 
movement secondary to air in the stomach can easily mimic 
normal ventilation. Standard auscultation in five places (both 
apices, both lateral lung fields, and epigastrium) may fail 
to detect an esophageal intubation, because all sounds are 
readily transmitted, especially in infants. The use of a Jack- 
son-Rees or a Bain circuit makes measurement of exhaled 
tidal volumes difficult. Reservoir bag compliance and con- 
densation inside the endotracheal tube are not always re- 
liable. Pulse oximetry may be an earlier indicator in children 
secondary to their higher oxygen consumption, but the 
practice of ventilating pediatric patients with 100% oxygen 
prior to intubation will delay detection of arterial desatu- 
ration. 
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I was recently involved with two cases which illustrate 
the fact that esophageal intubation may be difficult to di- 
agnose in children. The first patient was a 7-month-old 5- 
kg male infant with truncus arteriosus type I, undergoing 
total repair. At the end of the procedure, we elected to 
change the oral endotracheal tube to a nasal tube for post- 
operative ventilation. The tube was replaced under direct 
vision. The second patient was a 5-yr-old undergoing bi- 
lateral talo-achilles lengthening. A mask induction was fol- 
lowed by oral tracheal intubation facilitated by muscle re- 
laxation. l 

In both cases, the intubationist believed the endotracheal 
tube to be in the trachea. There was bilateral chest move- 
ment, and “breath sounds” could be heard over four areas 
of the chest. However, the epigastrium was also moving 
and “breath sounds” were not vesicular. These “breath 
sounds” could also be heard over the epigastrium. No 
hemodynamic changes or cyanosis were noted, but there 
was a high index of suspicion of an esophageal intubation. 
Both patients were immediately extubated, ventilated by 
mask, and reintubated. Correct placement resulted in an 
obvious difference in chest expansion and the auscultation 
of vesicular breath sounds. 

Birmingham et al. (1) concluded that “end-tidal” carbon 
dioxide measurement is... perhaps the most reliable 
means . . . of determining proper tube position.” Although 
this statement may be true, end-tidal CO, monitoring is 
certainly not the standard of care in many operating rooms. 
A high index of suspicion is probably most important. if 
there is any question at all, the endotracheal tube should 
be removed. The patient can then be ventilated by mask 
before laryngoscopy is repeated with correct placement of 
the tracheal tube. 


Tetsu Uejima, MD 
Department of Anesthesia 
Children’s Memorial Hospital 
Chicago, IL 60614 
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To the Editor: 


“Esophageal Intubation: A Review of Detection Tech- 
niques” (1986;65:886—91) was a timely, well-written review. 
I would like to see added to the authors’ list of methods of 
assessing tube position a simple technique to be utilized by 
the individual supervising the intubation of an adult pa- 
tient. If, during the passage of the endotracheal tube, the 
supervisor gently palpates the trachea in the sternal notch 
or applies cricoid pressure, he or she will appreciate “an 
old washboard-like” sensation as the tube passes over the 
corrugations of the tracheal rings. There should be no false 
positives to this sign because the esophagus is soft and lies 
posterior to the membraneous portion of the trachea. I have 
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not yet encountered either a false positive or a false nega- 
tive. 


Raymond C. Roy, MD 
Department of Anaesthesia 
University of Newcastle upon Tyne 
Royal Victoria Infirmary 
Newcastle upon Tyne, NEI 4LP 
Great Britain 


To the Editor: 


The underlying assumption of the paper by Birmingham et 
al. (1) is a matter of serious concern. Specifically, it is taken 
for granted that a state of total muscular paralysis must be 
induced for the purposes of routine tracheal intubation. 

The fact is that, for elective procedures, total muscular 
paralysis not only is not necessary but in fact may be a 
potentially lethal and totally avoidable phase in the anes- 
thetic process. 

Review of data from published reports (2,3) as well as 
my own 20 years experience with cases coming to litigation 
all indicate that the majority of cardiac arrests and anesthetic 
deaths occurring at induction are either 1) the result of 
inability to intubate and/or ventilate a paralyzed patient or; 
2) the end result of continued “ventilation” of a paralyzed 
patient through an improperly placed tube (i.e., esophageal 
intubation). This being the case, the inescapable conclusion 
is that if the patient had not been paralyzed then the ca- 
tastrophe would not have occurred. 

Note that routine “awake” intubation is not advocated. 
Rather, after adequate topical anesthesia of the upper air- 
ways, one administers a small (“sleep”) dose of thiopental 
which is then followed by the administration by mask of a 
single potent inhalation agent (halothane or enflurane/oxy- 
gen can be used but not N,O), after about 8 min denitro- 
genation as well as a satisfactory level of anesthesia are 
achieved. At this time an unhurried tracheal intubation can 
be performed. (For very muscular patients one may ad- 
minister a non-paralyzing dose of a non-depolarizing mus- 
cle relaxant such as 6.0 mg of d-tubocurarine 5 min before 
the anticipated time of intubation.) If the intubation is suc- 
cessful, when one connects the proximal end of the en- 
dotracheal tube to the breathing circuit one sees appropriate 
movements of the reservoir or breathing bag. If the intu- 
bation is not successful, then connecting the proximal end 
of the tube to the breathing circuit does not result in bag 
movements but the patient will continue to breathe, bring- 
ing great relief to all concerned. 


Antonio Boba, MD 
Department of Anesthesia 

The Northern Dutchess Hospital 
Rhinebeck, NY 12572 


References 

1. Birmingham PK, Cheney FW, Ward RJ. Esophageal intubation: a review 
of detection techniques. Anesth Analg 1986;65:886-91. 

2. Boba A. Death in the operating room. Springfield, Ilinois: Charles C. 
Thomas, 1965. 

3. Keehan RL, Boyan CP. Cardiac arrest due to anesthesia: a study of in- 
cidence and causes. J Amer Med Assoc 1985;253:2373-7. 


LETTERS TO THE EDITOR 


71 
End-Tidal 
PCO2 
(mmHg) 
35 


1st 2nd 


ANESTH ANALG 483 
1987;66:481--3 





3rd 4th 5th 6th 


Breaths 


Figure 1. PcO. waveforms obtained in a 10-yr-old boy with an esophageal intubation. The waveform of the first three breaths looks 


virtually normal before becoming flat very quickly. 


To the Editor: 


I read with interest the review article on esophageal intu- 
bation by Birmingham et al. (Anesth Analg 1986;65:886—91). 
I agree with the authors that end-tidal CO, measurement 
is at present the most reliable means under all circumstances 
of determining proper tube position. But I would like to 
report a case that demonstrates a limitation of this monitor. 

I had a 10-yr-old boy in whom anesthesia was induced 
with halothane, oxygen, and nitrous oxide. Breathing was 
assisted, and when anesthesia was deep enough, intubation 
was performed. The CO, waveform on the mass spectrom- 
eter (Fig. 1) was checked. Initially it looked no different 
from that obtained from a proper endotracheal intubation. 
But the breath sounds did not sound right. As shown in 
the figure, after three normal CO, waveforms, the end-tidal 
CO, very quickly decreased in ‘amplitude. Direct laryngos- 
copy was performed, and the tube was found to be in the 


esophagus. The trachea was then quickly intubated and the 
situation was again in control. 

The lesson to learn here is that at least initially, a normal 
CO, waveform can be obtained with esophageal intubation. 
If enough alveolar gas is forced down the esophagus into 
the stomach during mask ventilation prior to intubation, 
the concentration of CO, in the latter may be similar to that 
in the alveoli. Thus, when the stomach is ventilated after 
the esophageal intubation, an almost normal waveform of 
CO, may be seen: After a few breaths, the CO, in the stom- 
ach will then be diluted and the waveform will very quickly 
become flat. I believe this is what happened in this patient. 


S.T. Sum Ping, MB, ChB FFARCS 
Department of Anesthesia 

University of Iowa Hospitals 

Ilowa City, LA 
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Errata 


Van Zundert A, Vaes L, Van Det Aa P, Van Der Donck A, Meeuwis H. RAM 
Testing in Obstetric Patients (letter). Volume 65, Number 11, November 1986. 


The authors wish to inform readers of the following: 
In the second sentence, change 
“The RAM-test is the difference between two RAM-tests.” 
to read 
“The RAM-block is the difference between two RAM-tests.” 


de Bruijn NP, Croughwell N, Reves JG. Hemodynamic Effects of Esmolol in 
Chronically -Blocked Patients Undergoing Aortocoronary Bypass Surgery. 
Volume 66, Number 2, February 1987. 


The authors wish to inform readers of the following: 
On page 141, left column, 12 lines from the bottom, change 
“concentration of enflurane (0.9%) because we wanted . . .” 
to read 
“concentration of enflurane (0.4%) because we wanted .. .” 


Kempen PM. A Practice of Anesthesia for Infants and Children (book review). 
Volume 66, Number 3, March 1987. 


Gremlins struck! 
On page 288, right column, line 11, the sentence should read 
“Fig. 20-1 is also erroneous and misleading,” most likely due to printing 
error. 








One agent 

has inspired a new 
way of looking at 
surgical muscle 
relaxation. 
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TRACRIUM® INJECTION 
(atracurium besylate) 


This drug should be used only by adequately trained individuals familiar with its actions. 
characteristics, and hazards. 


CONTRAINDICATIONS: Tracrium is contraindicated in patients known to have a hypersensitivity to it. 


WARNINGS: TRACRIUM SHOULD BE USED ONLY BY THOSE SKILLED IN AIRWAY MANAGEMENT 
AND RESPIRATORY SUPPORT. EQUIPMENT AND PERSONNEL MUST BE IMMEDIATELY 
AVAILABLE FOR ENDOTRACHEAL INTUBATION AND SUPPORT OF VENTILATION, INCLUDING 
ADMINISTRATION OF POSITIVE PRESSURE OXYGEN. ADEQUACY OF RESPIRATION MUST BE 
ASSURED THROUGH ASSISTED OR CONTROLLED VENTILATION. ANTICHOLINESTERASE 
REVERSAL AGENTS SHOULD BE IMMEDIATELY AVAILABLE. 


DO NOT GIVE TRACRIUM BY INTRAMUSCULAR ADMINISTRATION. 


Tracrium has no known effect on consciousness, pain threshold, or cerebration. It should be used 
only with adequate anesthesia. 


Tracrium Injection, which has an acid pH, should not be mixed with alkaline solutions (e.g., 
barbiturate solutions) in the same syringe or administered simultaneously during intravenous 
infusion through the same needle. Depending on the resultant pH of such mixtures, Tracrium may 
be inactivated and a free acid may be precipitated. 


PRECAUTIONS: 

General: Although Tracrium is a less potent histamine releaser than d-tubocurarine or 
metocurine, the possibility of substantial histamine release in sensitive individuals must be 
considered. Special caution should be exercised in administering Tracrium to patients in whom 
substantial histamine release would be especially hazardous (e.g., patients with clinically 
significant cardiovascular disease) and in patients with any history (e.g., severe anaphylactoid 
reactions or asthma) suggesting a greater risk of histamine release. In these patients, the 
recommended initial Tracrium dose is lower (0.3 to 0.4 mg/kg) than for other patients and should 
be administered slowly or in divided doses over one minute. 


Since Tracrium has no clinically significant effects on heart rate in the recommended dosage 
range, it will not counteract the bradycardia produced by many anesthetic agents or vagal 
stimulation. As a result, bradycardia during anesthesia may be more common with Tracrium than 
with other muscle relaxants. 


Tracrium may have profound effects in patients with myasthenia gravis, Eaton-Lambert 
syndrome, or other neuromuscular diseases in which potentiation of nondepolarizing agents has 
been noted. The use of a peripheral nerve stimulator is especially important for assessing 
neuromuscular blockade in these patients. Similar precautions should be taken in patients with 
severe electrolyte disorders or carcinomatosis. 


The safety of Tracrium has not been established in patients with bronchial asthma. 


Drug Interactions: Drugs which may enhance neuromuscular blocking action of Tracrium 
include: enflurane; isoflurane; halothane; certain antibiotics, especially the aminoglycosides and 
polymyxins; lithium; magnesium salts; procainamide; and quinidine. 


lf other muscle relaxants are used during the same procedure, the possibility of a synergistic or 
antagonist effect should be considered. 


Pregnancy: Teratogenic Effects: Pregnancy Category C. There are no adequate and 
well-controlled studies in pregnant women. Tracrium should be used during pregnancy only if the 
potential benefit justifies the potential risk to the fetus. 


Labor and Delivery: It is not known whether muscle relaxants administered during vaginal 
delivery have immediate or delayed adverse effects on the fetus or increase the likelihood that 
resuscitation of the newborn will be necessary. The possibility that forceps delivery will be 
necessary may increase. 


Tracrium (0.3 mg/kg) has been administered to 26 pregnant women during delivery by cesarean 
section. No harmful effects were attributable to Tracrium in any of the newborn infants, 
although small amounts of Tracrium were shown to cross the placental barrier. The possibility of 
respiratory depression in the newborn infant should always be considered following cesarean 
section during which a neuromuscular blocking agent has been administered. In patients 
receiving magnesium sulfate, the reversal of neuromuscular blockade may be unsatisfactory and 
Tracrium dose should be lowered as indicated. 


Nursing Mothers: |t is not known whether the drug is excreted in human milk. 


Pediatric Use: Safety and effectiveness in children below the age of 1 month have not been 
established. 


ADVERSE REACTIONS: 

Observed in Controlled Clinical Studies: Tracrium produced few adverse reactions during 
extensive Clinical trials. Most were suggestive of histamine release (see Precautions Section). 
The overall incidence rate for clinically important adverse reactions was 7/875 or 0.8%. 


Most adverse reactions were of little clinical significance unless they were associated with 
significant hemodynamic changes. Substantial vital sign changes greater than 30% observed in 
530 patients, without cardiovascular disease, were as follows: in those patients given the recom- 
mended initial dosage range of 0.31 to 0.50 mg/kg of Tracrium, mean arterial pressure increased 
in 2.8% and decreased in 2.1% of patients while the heart rate increased in 2.8% of these 
patients with 0 % change in heart rate. At doses of >0.60 mg/kg, 14.3% of the studied patients 
had a decrease in mean arterial pressure while 4.8% had an increase in heart rate. 


Observed in Clinical Practice: Based on clinical experience in the U.S. and the United Kingdom 
of approximately 3 million patients given Tracrium the following adverse reactions are among the 
most frequent reported: General: allergic reactions (anaphylactic or anaphylactoid) which, in rare 
instances, were severe (e.g., Cardiac arrest); Musculoskeletal: inadequate, prolonged block: 
Cardiovascular: hypotension, tachycardia, bradycardia; Respiratory: dyspnea, bronchospasm, 
laryngospasm; /ntegumentary: rash, urticaria, injection site reaction. 


DOSAGE AND ADMINISTRATION: Tracrium should be administered intravenously. DO NOT GIVE 
TRACRIUM BY INTRAMUSCULAR ADMINISTRATION. 


Burroughs Wellcome Co. 
Research Triangle Park 
Wallenma North Carolina 977NQ 


Bolus Doses for Intubation and Maintenance of Neuromuscular Blockade: 

Adults: A Tracrium dose of 0.4 to 0.5 mg/kg, given as an intravenous bolus injection, is the 
recommended initial dose for most patients. With this dose, good or excellent conditions for 
nonemergency intubation can be expected in 2 to 2.5 minutes in most patients, with maximum 
neuromuscular blockade achieved approximately 3 to 5 minutes after injection. Clinically required 
neuromuscular blockade generally lasts 20 to 35 minutes under balanced anesthesia. Under 
balanced anesthesia, recovery to 25% of control is achieved approximately 35 to 45 minutes after 
injection, and recovery is usually 95% complete approximately 60 minutes after injection. 


Tracrium is potentiated by isoflurane or enflurane anesthesia. The same initial Tracrium dose of 
0.4 to 0.5 mg/kg may be used for intubation prior to administration of these inhalation agents; 
however, if Tracrium is first administered under steady state of isoflurane or enflurane, the initial 
Tracrium dose should be reduced by approximately one-third, i.e., to 0.25 to 0.35 mg/kg, to 
adjust for the potentiating effects of these anesthetic agents. With halothane, which has only a 
marginal (approximately 20%) potentiating effect on Tracrium, smaller dosage reductions may 
be considered. 


Tracrium doses of 0.08 to 0.10 mg/kg are recommended for maintenance of neuromuscular 
blockade during prolonged surgical procedures. The first maintenance dose will generally be 
required 20 to 45 minutes after the initial Tracrium injection, but the need for maintenance doses 
should be determined by clinical criteria. 


Children and Infants: No Tracrium dosage adjustments are required for pediatric patients two 
years of age or older. A Tracrium dose of 0.3 to 0.4 mg/kg is recommended as the initial dose for 
infants (1 month to 2 years of age) under halothane anesthesia. Maintenance doses may be 
required with slightly greater frequency in infants and children than in adults. 


Special Considerations: An initial Tracrium dose of 0.3 to 0.4 mg/kg, given slowly or in divided 
doses over one minute, is recommended for adults, children, or infants with significant 
cardiovascular disease and for adults, children, or infants with any history (e.g., severe 
anaphylactoid reactions or asthma) suggesting a greater risk of histamine release. 


Dosage reductions must be considered also in patients with neuromuscular disease, severe 
electrolyte disorders, or carcinomatosis in which potentiation of neuromuscular blockade or 
difficulties with reversal have been demonstrated. There has been no Clinical experience with 
Tracrium in these patients, and no specific dosage adjustments can be recommended. No 
Tracrium dosage adjustments are required for patients with renal disease. 


Use by infusion: After administration of a recommended initial bolus dose of Tracrium (0.3 to 0.5 
mg/kg), a diluted solution of Tracrium can be administered by continuous infusion to adults and 
children aged 2 or more years for maintenance of neuromuscular blockade during extended 
surgical procedures. Infusion of Tracrium should be individualized for each patient. The rate of 
administration should be adjusted according to the patient's response as determined by 
peripheral nerve stimulation. 


Infusion of Tracrium should be initiated only after early evidence of spontaneous recovery from 
the bolus dose. An initial infusion rate of 9 to 10 „g/kg/min may be required to rapidly counteract 
the spontaneous recovery of neuromuscular function. Thereafter, a rate of 5 to 9 „g/kg/min 
should be adequate to maintain continuous neuromuscular blockade in the range of 89 to 99% 
in most pediatric and adult patients under balanced anesthesia. 


The neuromuscular blocking effect of Tracrium administered by infusion is potentiated by 
enflurane or isoflurane and, to a lesser extent, by halothane. Reduction in the infusion rate of 
Tracrium should, therefore, be considered for patients receiving inhalation anesthesia. The rate of 
Tracrium infusion should be reduced by approximately one-third in the presence of steady-state 
enflurane or isoflurane anesthesia; smaller reductions should be considered in the presence of 
halothane. In patients undergoing cardiopulmonary bypass with induced hypothermia, the rate of 
infusion of Tracrium required to maintain adequate surgical relaxation during hypothermia (25° 
to 28°C) has been shown to be approximately half the rate required during normothermia. 


Spontaneous recovery from neuromuscular blockade following discontinuation of Tracrium 
infusion may be expected to proceed at a rate comparable to that following administration of a 
single bolus dose. 


Tracrium infusion solutions may be prepared by admixing Tracrium Injection with an appropriate 
diluent such as 5% Dextrose Injection USP, 0.9% Sodium Chloride Injection USP, or 5% 
Dextrose and 0.9% Sodium Chloride Injection USP. Infusion solutions should be used within 24 
hours of preparation. Spontaneous degradation of Tracrium has been demonstrated to occur 
more rapicly in lactated Ringer's solution than in 0.9% sodium chloride solution. Therefore, it is 
recommended that Lactated Ringer's Injection USP not be used as a diluent in preparing 
solutions of Tracrium for infusion. 


The amount of infusion solution required per minute will depend upon the concentration of 
Tracrium in the infusion solution and the dose of Tracrium desired (see table). 


Tracrium (atracurium besylate)—Rates of 
Infusion for Concentrations of 0.2 and 0.5 mg/mi 


Infusion Delivery Rate (ml/kg/min) 


Drug Delivery Rate 
(ug/kg/min) 





*2 mi of 1% (10 mg/ml) Tracrium Injection added to 98 mI of diluent 
**5 mi of 1% (10 mg/ml) Tracrium Injection added to 95 mi of diluent 


TRACRIUM 


injection (atracurium besylate) 


U.S. Patent No. 4179507 
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DOCUMED'S7 
Jraging and ye” D ocumentation in p ericine 


MAY 24-27, 1987, RAI CONGRESS CENTRE, AMSTERDAM, THE NETHERLANDS 


Medical Imaging and Visual Documentation techniques are becoming increasingly 
sophisticated, giving physicians invaluable diagnostic tools, for examining virtually every 
area of human physiology and pathology. But this growth in scope and scale makes it 
increasingly difficult for physicians to keep abreast of all the latest developments. In 
response to this clear and clearly expressed need, the international Society for 
Photoscopy is organizing DOCUMED EUROPE '87, the first European conference on 
imaging technology ana visual documentation in medicine. 


DOCUMED EUROPE '87 will be held at the RAI Congress Centre in Amsterdam, The 
Netherlanas, from May 24-27, 1987. 

A comprehensive range of topics will be covered in the plenary sessions and in 
minisymposia, seminars and workshops. 

Running concurrently with the conference, VIDIMED '87 will be the first international 
exhibition devoted exclusively to the hardware and software of imaging technology and 
visual documentation in medicine. 


For full details on participation in DOCUMED EUROPE ‘87, and VIDIMED ‘87 please contact: 
Organisatie Bureau Amsterdam by 


Europaplein 12,1078 GZ Amsterdam, The Netherlands 
Tel: (31)20-44 0807, Telex: 13499 raico nl 
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NSTEAD 


„Of hydroxyzine 





Key advantages in 
premedication 


e Sedates faster 


PERCENT OF PATIENTS WITH 
DESIRABLE LEVELS OF SEDATION 


(awake/drowsy or asleep/easily aroused) 
% Patients Sedated 


hydroxyzine 
LM. (1.0 mg/kg) 


30 60 
Minutes BEE we anilice 


Desirable Level VERSED hydroxyzine 
of Sedation at 43% 19% 
15 minutes (ACS) (19/101) 


e Virtually painless 


Incidence of pain at I.M. injection site? 


VERSED hydroxyzine 


alone alone 
4.5% az269 | 471% (64/136) 


with other agents with other agents 


1.8% (2/111) 62. /% (32/51) 


e Pronounced amnestic effect 


The maximum amnestic effect occurred 
between 30 and 60 minutes after VERSED 
(0.08 mg/kg) administration? 


Caution patients about driving or operating hazardous 
machinery after receiving VERSED. 


INJECTABLE 


midazolam HCI Roche 4V 


equivalent to 5 mg/mL 


A significant advance in premedication 





References: 1. Data on file (Doc. #069-001), Roche Laboratories. 2. VERSED" 
(brand of midazolam HCl/Roche) @, Scientific Summary, Roche Laboratories, 
Division of Hoffmann-La Roche Inc., Nutley, Nu. 


VERSED* 
(brand of midazolam HCI/Roche) € 
INJECTION 


Before prescribing, please consult complete product information, a sum- 
mary of which follows: 

INDICATIONS: IM: preoperative sedation; to impair memory of perioperative 
events. IV: conscious sedation prior to short diagnostic or endoscopic proce- 
dures, alone or with a narcotic; induction of general anesthesia before adminis- 
tration of other anesthetic agents; as a component of intravenous 
Supplementation of nitrous oxide and oxygen (balanced anesthesia) for short 
surgical procedures (longer procedures have not been studied). When used IV 
VERSED is associated with a high incidence of partial or complete impairment of 
recall for the next several hours. 

CONTRAINDICATIONS: Patients with known hypersensitivity to the drug. Ben- 
zodiazepines are contraindicated in patients with acute narrow angle glaucoma; 
may be used in open angle glaucoma only if patients are receiving appropriate 
therapy. 

WARNINGS: Never use without individualization of dosage. Prior to IV 
use in any dose, ensure immediate availability of oxygen and resuscita- 
tive equipment for maintenance of a patent airway and support of venti- 
lation. Continuously monitor for early signs of underventilation or apnea, 
which can lead to hypoxia/cardiac arrest unless effective counter- 
measures are taken immediately. |V VERSED depresses respiration, and 
opioid agonists and other sedatives can add to this depression; should be 
administered as induction agent only by a person trained in general anesthesia. 
For conscious sedation, do not administer IV by rapid or single bolus. 
Serious cardiorespiratory adverse events have occurred, predominantly in older 
chronically ill patients and/or with concomitant use of other cardiorespiratory 
depressant agents. These have included respiratory depression, apnea, respi- 
ratory arrest and/or cardiac arrest, sometimes resulting in death. 

Do not administer in shock, coma, acute alcohol intoxication with depression of 
vital signs. 

Guard against unintended intra-arterial injection; hazards in humans unknown. 
Avoid extravasation. 

Higher risk surgical or debilitated patients require lower dosages for induction 

of anesthesia, premedicated or not. 

Patients with chronic obstructive pulmonary disease are unusually sensitive to 
the respiratory depressant effect of VERSED. Patients with chronic renal failure 
Nave a 1.5- to 2-fold increase in elimination half-life, total body clearance and 
volume of distribution of midazolam. Patients with congestive heart failure have a 
2- to 3-fold increase in the elimination half-life and volume of distribution of midaz- 
olam. Patients over 55 require lower dosages for induction of anesthesia, pre- 
medicated or not. Because elderly patients frequently nave inefficient function of 
one or more organ systems, and because dosage requirements have been 
shown to decrease with age, reduce initial dosage and consider possibility of a 
profound and/or prolonged effect. 

Concomitant use of barbiturates, alcohol or other CNS depressants may increase 
the risk of underventilation or apnea and may contribute to profound and/or 
prolonged drug effect. Narcotic premedication also depresses the ventilatory 
response to carbon dioxide stimulation. 

Hypotension occurred more frequently in the conscious sedation studies in 
patients premedicated with narcotic. 

Gross tests of recovery from the effects of VERSED cannot alone predict reaction 
time under stress. This drug is never used alone during anesthesia, and the 
contribution of other perioperative drugs and events can vary. The decision as to 
when patients may engage in activities requiring mental alertness must be indi- 
vidualized; it is recommended that no patient should operate hazardous 
machinery or a motor vehicle until the effects of the drug, such as drowsiness, 
have subsided or until the day after anesthesia, whichever is longer. 

Usage in Pregnancy: An increased risk of congenital malformations 
associated with the use of benzodiazepines (diazepam and chlordiaze- 
poxide) has been suggested in several studies. If VERSED is used during 
pregnancy, apprise the patient of the potential hazard to the fetus. 
PRECAUTIONS: General: Increased cough reflex and laryngospasm may 
occur with peroral endoscopic procedures. Use topical anesthetic and make 
necessary countermeasures available; use narcotic premedication for bron- 
choscopy. Decrease intravenous doses by 25% to 30% for elderly and debilitated 
patients. These patients will also probably take longer to recover completely 
after VERSED for induction of anesthesia. 

VERSED does not protect against increased intracranial pressure or circulatory 
effects noted following administration of succinyicholine. 

VERSED does not protect against increased intracranial pressure or against the 
heart rate rise and/or blood pressure rise associated with endotracheal intubation 
under light genera! anesthesia. 

Information for patients: Communicate the following information and instructions 
to the patient when appropriate: 1. Inform your physician about any alcohol 
consumption and medicine you are now taking, including nonprescription drugs. 
Alcohol has an increased effect when consumed with benzodiazepines; there- 
fore, caution should be exercised regarding simultaneous ingestion of alcoho! 
and benzodiazepines. 2. Inform your physician if you are pregnant or are plan- 
ning to become pregnant. 3. Inform your physician if you are nursing. 

Drug interactions: The hypnotic effect of intravenous VERSED is accentuated by 
premedication, particularly narcotics (e.g., morphine, meperidine, fentanyl) and 
also secobarbital and Innovar (fentanyl! and droperidol). Consequently, adjust 
the dosage of VERSED according to the type and amount of premedication. 

A moderate reduction in induction dosage requirements of thiopental (about 
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VERSED" (brand of midazolam HCI/Roche) 


The use of VERSED as an induction agent may result in a reduction of the inhala- 
tion anesthetic requirement during maintenance of anesthesia. 

Although the possibility of minor interactive effects has not been fully studied, 
VERSED and pancuronium have been used together in patients without noting 
clinically significant changes in dosage, onset or duration. VERSED does not 
protect against the characteristic circulatory changes noted after administration 
of succinylcholine or pancuronium, or against the increased intracranial pressure 
noted following administration of succinylcholine. VERSED does not cause a 
Clinically significant change in dosage, onset or duration of a single intubating 
dose of succinylcholine. 

No significant adverse interactions with commonly used premedications or drugs 
used during anesthesia and surgery (including atropine, scopolamine, glycopyr- 
rolate, diazepam, hydroxyzine, d-tubocurarine, succinylcholine and nondepolar- 
izing muscle relaxants) or topical local anesthetics (including lidocaine, dyclonine 
HCI and Cetacaine) have been observed. 

Drug/laboratory test interactions: Midazolam has not been shown to interfere 
with clinical laboratory test results. 

Carcinogenesis, mutagenesis, impairment of fertility: Midazolam maleate wes 
administered to mice and rats for two years. At the highest dose (80 mg/kg/day) 
female mice had a marked increase in incidence of hepatic tumors and male 
rats had a small but significant increase in benign thyroid follicular cell tumors. 
These tumors were found after chronic use, whereas human use will ordinarily 

be of single or several doses. 

Midazolam did not have mutagenic activity in tests that were conducted. 

A reproduction study in rats did not show any impairment of fertility at up to ten 
times the human IV dose. 

Pregnancy: Teratogenic effects: Pregnancy Category D. See WARNINGS sec- 
tion. Midazolam maleate injectable, at 5 and 10 times the human dose, did not 
show evidence of teratogenicity in rabbits and rats. 

Labor and delivery: The use of injectable VERSED in obstetrics has not been 
evaluated. Because midazolam is transferred transplacentally and because 
other benzodiazepines given in the last weeks of pregnancy have resulted in 
neonatal CNS depression, VERSED is not recommended for obstetrical use. 
Nursing mothers: It is not known whether midazolam is excreted in human milk. 
Because many drugs are excreted in human milk, caution should be exercised 
when injectable VERSED is administered to a nursing woman. 

Pediatric use: Safety and effectiveness of VERSED in children below the age of 
18 have not been established. 

ADVERSE REACTIONS: Fluctuations in vital signs following parenteral admin- 
istration were the most frequently seen findings and included decreased tidal 
volume and/or respiratory rate decrease (23.3% of patients following IV and 
10.8% of patients following IM administration) and apnea (15.4% of patients fol- 
lowing IV administration), as well as variations in blood pressure and pulse rate. 
Serious Cardiorespiratory adverse events have also occurred. (See WARNINGS.) 
In the conscious sedation studies, hypotension occurred more frequently after IV 
administration in patients concurrently premedicated with meperidine. During 
Clinical investigations, three cases (0.2%) of transient fall in blood pressure 
greater than 50% were reported during the induction phase. 

Reactions such as agitation, involuntary movements (including tonic/clonic 
movements and muscle tremor), hyperactivity and combativeness have been 
reported. (See DOSAGE AND ADMINISTRATION.) 

Following IM injection: headache (1.3%); local effects at IM site: pain (3.7%), 
induration (0.5%), redness (0.5%), muscle stiffness (0.3%). Following IV adminis- 
tration: hiccoughs (3.9%), nausea (2.8%), vomiting (2.6%), coughing (1.3%), 
“oversedation” (1.6%), headache (1.5%), drowsiness (1.2%): local effects at the 
IV site: tenderness (5.6%), pain during injection (5.0%), redness (2.6%), indura- 
tion (1.7%), phlebitis (0.4%). Other effects (<1%) mainly following IV administra- 
tion: Respiratory: Laryngospasm, bronchospasm, dyspnea, hyperventilation, 
wheezing, shallow respirations, airway obstruction, tachypnea. Cardiovascular: 
Bigeminy, premature ventricular contractions, vasovagal episode, tachycardia, 
nodal rhythm. Gastrointestinal: Acid taste, excessive salivation, retching. CNS/ 
Neuromuscular: Retrograde amnesia, euphoria, confusion, argumentativeness, 
nervousness, anxiety, grogginess, restlessness, emergence delirium or agitation, 
prolonged emergence from anesthesia, dreaming during emergence, sleep 
disturbance, insomnia, nightmares, athetoid movements, ataxia, dizziness, dys- 
phoria, slurred speech, dysphonia, paresthesia. Special Sense: Blurred vision, 
diplopia, nystagmus, pinpoint pupils, cyclic movements of eyelids, visual distur- 
bance, difficulty focusing eyes, ears blocked, loss of balance, lightheadedness. 
Integumentary: Hives, hive-like elevation at injection site, swelling or feeling of 
burning, warmth or coldness at injection site, rash, pruritus. Miscellaneous: 
Yawning, lethargy, chills, weakness, toothache, faint feeling, hematoma. 

Drug Abuse and Dependence: Available data concerning the drug abuse and 
dependence potential of midazolam suggest that its abuse potential is at least 
equivalent to that of diazepam. 

DOSAGE AND ADMINISTRATION: Individualize dosage. epee and debili- 
tated patients generally require lower doses. Adjust dose of IV VERSED accord- 
ing to type and amount of premedication. Excess doses or rapid or single bolus 
intravenous administration may result in respiratory depression and/or arrest, 
especially in elderly or debilitated patients. (See WARNINGS.) /M use: Inject 
deep in large muscle mass. /V use: Administer initial dose over 20 to 30 seconds 
for induction of general anesthesia. For conscious sedation administer initial 
dose over 2 to 3 minutes. May be mixed in the same syringe with morphine 
sulfate, meperidine, atropine sulfate or scopolamine. Compatible with 5% dex- 
trose in water, 0.09% sodium chloride and lactated Ringer's solution. 
OVERDOSAGE: Manifestations would resemble those observed with other 
benzodiazepines (e.g., sedation, somnolence, confusion, impaired coordination, 
diminished reflexes, coma, untoward effects on vital signs). No specific organ 
toxicity would be expected. 
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Controlled Clinical Trials is a respected and valuable 
source of information for clinicians and statisticians 
involved in mounting and monitoring clinical trials and 


s monitoring clinical trials for adverse or beneficial 
effects 
a assessing costs 


long-term follow-up studies. Its articles focus on design 
features or organizational structures that have contrib- 
uted to the success of other studies — from short-term. 
small-scale trials to long-term multicenter investiga- 
tions — and can be beneficially applied to similar 
projects. 


Controlled Clinical Trials offers proven methods for: 


Recognizing the importance of effective data manage- 
ment, Controlled Clinical Trials features articles on 
the critical design and operating components of data 
processing systems that are used for maintaining a 
long-term data base, and quality assurance methods 
for error detection in data generation and processing 
procedures. 


a calculating sample size for long-term trials 
a determining patient compliance in ongoing trials 
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Sample copies are available upon request. 
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Controlled Clinical Trials is abstracted indexed in: 
Biological Abstracts, Current Contents Life Sciences, 
Excerpta Medica, and Index Medicus. 
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Volume 8 (4 issues) 

Institutional Rate: $120.00 
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For postage and handling outside the United 
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In North and South America: 
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Grand Central Station 

New York. NY 10163-1663 


Note: Send subscription 
orders to either your usual 
supplier or the New York 
address. All subscriptions 
begin with the first issue of the 
calendar year and are entered 
upon receipt of payment. 
Subscription rates valid until 
December 31, 1987. 


in the rest of the world: 
Elsevier Science Publishers 
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ANESTHESIOLOGIST 


The Gettysburg Hospital, located in historic 
Gettysburg, Pennsylvania is seeking a qualified 
anesthesiologist to join the Anesthesia Depart- 
ment as a full-time staff member. The Hospital, a 
102-bed, acute care facility serves a population 
base of approximately 85,000. The Department 
serves approximately 3,500 patients each year 
who undergo surgery. 

Qualified candidates will be Board Certified or 
Eligible, and possess strong clinical skills. 

The historical significance of the town is only 
one of the attractions of Gettysburg. The area is 
a rich agricultural center situated at the northern 
edge of the Blue Ridge Mountains, only an hour 
and a half from Washington, D.C. and Baltimore, 
M.D. Two private, liberal arts colleges enhance 
the community's cultural life. 

For more information call or write in confi- 
dence: 

H. Dwight Bikle, M.D., Medical Director 
Department of Anesthesiology 
The Gettysburg Hospital 
147 Gettys Street 
Gettysburg, PA 17325-0784 
Telephone direct: (717) 334-8565. 
An equal opportunity employer. 
































Anesthesiologists: Put 
yourselfina Rocky position. 


How do you like fresh mountain air? 
Powder under your skis? World class ballet? 
A myriad of trout streams? 

And how would you like the time to 
enjoy them? 

Then let's talk. 

Our current opening offers generous 










the competitive hospital environment. 






Rockies, call toll-free, 1-800-654-4398. If 


youre in Utah, call 355-1234. 







City, UT 84102, Attn: Professional Staffing. 
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time off, state-of-the-art facilities, predictable 
hours in a combined practice, and relief from 


To learn more about our position in the 


Or write: 323 South 600 East. Salt Lake 
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MAY 24-27, 1987, RAI CONGRESS CENTRE, AMSTERDAM, THE NETHERLANDS 


Medical Imaging and Visual Documentation techniques are 
becoming increasingly sophisticated, giving physicians invaluable 
diagnostic tools, for examining virtually every area of human 
physiology and pathology. But this growth in scope and scale makes 
it increasingly difficult for physicians to keep abreast of all the latest 
dev2lopments. In response to this clear and clearly expressed need. 
the International Society for Photoscopy is organizing DOCUMED 
EUFOPE '87, the first European conference on imaging technology 
and visual documentation in medicine. 


DOCUMED EUROPE '87 will be held at the RAI Congress 
Certre in Amsterdam, The Netherlands, from May 24-27, 1987 

A comprehensive range of topics will be covered in the plenary 
sessions and in mirisymposia, Seminars and workshops. 

Running concurrently with the conference, VIDIMED '87 will be 
the tirst internationa. exhibition devoted exclusively to the hardware 
and software of imaging technology and visual documentation in 
medicine. 


For full details ọn participation in DOCUMED EUROPE '87 and 
VIDIMED '87, please contact: 


Organisatie Bureau Amsterdam bv 
Europaplein 12,1078 GZ Amsterdam, The Netherlands 
Tel (21)90-44080N7 Telex: 12499 raicn nl 


Classified Advertising 


PERMANENT POSITION WANTED 
CRNA—experienced, wishes busy situa- 
tion, solo or group, best of remuneration. 
1-800-521-6750. 


MDAS OR CRNAS: TRANS-AMERICAN 
ANESTHETISTS, WEST 

Temporary or Permanent MDAs, CRNAs, 
ready to serve you, up-to-date skills, co- 
operative, licensed, insured professionals 
caring about you. Call 1-800-762-1258, Box 
24432, Colorado Springs, CO 80918, or 303- 
598-2788 (CO). 


ANESTHESIOLOGISTS 

Excellent, prequalified individuals available 
to join your group on a career or temporary 
basis. For more information please contact: 
Southwest Anesthesia Services, PO Box 5719, 
Santa Fe, New Mexico 87502, (505) 983-7371. 


ROCKY MTS./SOUTHWEST 

We have career and temporary positions 
available from solo to large group practice 
in the Rocky Mts. and Southwest. Expenses 
paid; partnerships usually available. Please 
contact Southwest Anesthesia Services, PO 
Box 5719, Santa Fe, NM 87501. (505) 983- 
7371. 


TUTORING FOR WRITTEN AND ORAL 
BOARD EXAMS: 

Individual or small group sessions given in 
New York City, San Francisco, and Palm 
Springs. Unique approach to development 
of test-taking skills, including mock orals. 
Basic science emphasis. Call 415-321-1117. 








TENNESSEE 

Anesthesiologist: Fulltime positions at level 
of Instructor/Associate Professor level with 
emphasis on teaching, patient care and clin- 
ical research. Prerequisite: meet Tennessee 
license requirements and ABA diplomat or 
eligible for ABA examination. Prefer inter- 
est and experience in teaching and patient 
care. Excellent opportunity for an anesthe- 
siologist who wants an ideal mix of private 
practice with teaching and clinical research. 
Send curriculm vitae, bibliography and the 
name of at least three references to John J. 
Angel, MD, Acting Chairman, Department 
of Anesthesiology, The University of Ten- 
nessee, Memphis, 877 Jefferson Avenue, 
Chandler Bldg. Room FG25, Memphis, TN 
38138. AA/EEO Employer. 





MAINE 

BE/BC anesthesiologist to join group doing 
13,0C0 cases/year, all specialties including 
open heart and future pain center. Unique 
Sd eae for excellent lifestyle in heart 
of Maine’s year round vacationland, near 
University of Maine, competitive benefits, 
liberal vacation and progressive anesthesia 
practice. Kindly send resume to Northeast 
Anesthesia, PA, PO Box 657, Bangor, ME 
04401. 


ANESTHESIA FELLOWSHIP 

We have a position available in July 1987 
for one year. The selected candidate will do 
adult cardiac anesthesia for the first six 
months and advanced clinical cases/clinical 
research during second six months. Write 
or cali Dr. A. Hussain, Chairman, Resident 
Selection Committee, St. Elizabeth’s Hos- 
pital, 736 Cambridge St, Brighton, MA 02135, 
Phone: (617) 789-2782. 


OHIO 

Assistant/Associate Professor: Ohio State 
University is looking for a BE/BC anesthe- 
siologist that is interested in participating 
in an educational, research and patient care 
program. Submit CV to John McDonald, mp, 
Chairman, N-443 Doan Hall, Ohio State 
University Hospitals, 410 W. 10th Ave., Co- 
lumbus, OH, 43210. An Equal Opportunity 
Employer. 


RHODE ISLAND 

200-bed Brown-affiliated, hospital-em- 
ployed group seeks board eligible Mp. No 
open heart or obstetrics. S. H. Harkness, 
MD, Chief, Division of Anesthesiology, Roger 
Williams General Hospital, 825 Chalkstone 
Avenue, Providence, RI 02908. 


ANESTHESIOLOGISTS 
Baltimore Washington area, 500-bed teach- 
ing hospital with medical school affiliations. 
All types of procedures performed. Com- 
petitive salary and benefits. Please send re- 
sume to Box U49A, % Anesthesia and Anal- 
Sapa Desk Editorial, Elsevier Science 
lishing, 52 Vanderbilt Avenue, New 
York, NY 10017. 


FELLOWSHIP 

Advanced clinical training with separate 
opportunity for training in critical care and 
vascular surgery to begin July 1, 1987. Send 
CV to LH. Fisele mR. mn. TIC Davis Medical 
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Center, Anesthesiology, 2315 Stockton Blvd., 
Sacramento, CA 95817. Affirmative Action/ 


Equal Opportunity Employer. 


CALIFORNIA 

Anesthesiologists needed to form exclusive 
group at a community hospital located 40 
minutes from San Francisco. Compensation 
commensurate with qualifications. Recent 
graduate a must. Invasive monitoring re- 
quired. BC preferred (BE applicants will be 
considered). Send CV/cover letter to Box 
DD20, % Anesthesia and Analgesia, Desk Ed- 
itor, Elsevier Science Publishing Co., Inc., 
52 Vanderbilt Ave., New York, NY 10017. 





TENNESSEE—ANESTHESIOLOGISTS 

The University of Tennessee Medical Cen- 
ter at Knoxville, a 602 bed regional referral 
hospital and teaching/research center is 
seeking additional Anesthesiologists. 

Very busy surgery schedule with all types 
surgeries performed from ambulatory to 
heavy trauma (also active kidney and heart 
transplant programs). 

Must be Board certified; eligible for li- 
cense in Tennessee; minimum 3-5 yr ex- 
perience preferred; interest in teaching and 
research essential. 

Attractive salary based on experience and 
qualifications plus excellent University fringe 
benefit package. Send CV to Dr. John Ches- 
ney, Department of Anesthesiology, Uni- 
versity of Tennessee, Medical Center, 1924 
Alcoa Highway, Knoxville, TN 37920. An 
Affirmative Actior/Title IX/Section S04 
Employer. 


CLASSIFIED ADS 


Anesthesia and Analgesia makes available das- 
sified advertising space for those interested in 


meetings, postgrad 
UP ai sas dion hi iy a oaar 
able through Pharmaceutical Media, Inc. Rates 
for classified advertising: $1.00 per word, min- 
imum twenty words. Additional fee of $12.00 
for box number ads. Copy deadline 7 weeks 
prior to publication, e.g., for the March issue, 
copy should be received by the 1st of January. 
Full payment or institutional purchase order 
must accompany the copy for each ad. Ads 
obama penciagea oan iba eos 


Elsevier Science Publishing Co, Inc, 
52 Vanderbilt Avenue, New York, NY 10017. 
Science 


ANESTH ANALG 
VOL 66, NO 5, 1987 


MICHIGAN 

Medical Director to organize and direct busy 
obstetrical anestheisa program in a 500-bed 
general hospital as part of a large group of 
anesthesiologists. Board eligibility or certi- 
fication required. Obstetrical anesthesia fel- 
lowship and/or experience required. Sub- 
mit CV and names of three references to 
Box DD21, Anestheia and Analgesia, Desk Ed- 
itorial, Elsevier Science Publishing Co., Inc., 
52 Vanderbilt Ave., New York, NY 10017. 





CHIEF OF ANESTHESIA 

To head department serving 216-bed com- 
munity hospital in Baltimore. Board certi- 
fication required with administrative ex- 
perience preferred. Position includes active 
practice of anesthesiology and responsibil- 
ity for quality assurance standards and 
smooth operation of anesthesia services in 
a busy OR. Reply to Box DD22, % Anesthesia 
and Analgesia, % Elsevier Desk Editorial, 
Science Publishing, Inc., 52 Vanderbilt Ave., 
New York, NY 10017, 


OB ANESTHESIOLOGIST 

A 400-bed Texas hospital is recruiting an OB 
Anesthesiologist to complement current OB 
Anesthesia Services. The Hospital currently 
has 3000 births per year and offers high-risk 
delivery and neonatal intensive care ser- 
vices. The candidate shall have experience 
in general and regional anesthesia with em- 
phasis on obstetrical epidural anesthesia. 
Please submit curriculum vitae to Box D23, 
% Anesthesia and Analgesia, Desk Editorial, 
Elsevier Science Publishing Co., Inc., 52 
Vanderbilt Ave., New York, NY 10017. 


PROGRESSIVE 

Southern New England professional cor- 
poration seeking BE and BC anesthesiolo- 
gist for a five-member group with CRNA. 
Send CV to Box BB11, % Anesthesia and An- 
algesia, Desk Editorial, Elsevier Science Pub- 
lishing Co., 52 Vanderbilt Ave., New York, 
NY 10017. 


ANESTHESIOLOGIST 

AMG, BE, 33. Orals April 1987. Adult Car- 
diac Fellowship ends February 1987. Seeks 
fee-for-service. Prefer sunbelt or NYC, but 
all areas considered. heart an asset 
but not required. Reply 617-325-0936 or Box 
CC17, % Anesthesia and Analgesia, Editorial, 
Elsevier Science Publishing Co., 52 Van- 
derbilt Ave., New York, NY 10017. 


ORAL BOARD REVIEW 

Practice exams with critique. Intensive 
weekend course in Tampa, FL. Sep. 18-20. 
Two instructors. Limited class size. Reply: 
2656 Gunckel BL, Toledo, OH 43606, or (419) 
475-9641. 


ANESTHESIOLOGIST 

Board Certified/Eligible to join four Anes- 
thesiologists and seven CRNAs in a fee-for- 
service group in a very progressive com- 
munity hospital. All types of procedures ex- 
cept open heart. Send CVA to Berks Anes- 
thesia Assoc., Inc., Suite 203 200 North 13th 
Street, Reading, PA 19604. 


ANESTHESIOLOGIST 

BE/BC AMG recently trained or completing 
residency to join 2 MDAs and 3 CRNAs in 
200-bed JCAH-approved hospital on Lake 
Michigan, town of 79,000+, 1 hr from two 
major urban centers. Salary Ist yr 120k + 
malpractice leading to fee-for-service if suit- 
able. Send CV and 3 references with phone 
numbers to Box CC15, % Anesthesia and An- 
algesia, Editorial, 52 Vanderbilt Ave., New 
York, NY 10017. 





MIDWEST PAIN MANAGEMENT 

Expanding Midwest anesthesia practice 
seeks anesthesiologist trained in all aspects 
of pain management to join group as as- 
sociate. Opportunity to establish a new ser- 
vice with support structure of established 
group. Send CV to Box CC13, % Anesthesia 
and Analgesia, Editorial, Elsevier Science 
Publishing Co., 52 Vanderbilt Ave., New 
York, NY 10017. 





MIDWEST CRITICAL CARE 

Expanding Midwest anesthesia practice 
seeks anesthesiologist trained in critical care 
medicine to join corporation as mainstream 
associate. Duties to include physiclan-in- 
charge of an ICU unit, teaching and the 
clinical practice of anesthesiology in a ter- 
tiary medical center. Send CV to Box CC14, 
% Anesthesia and Analgesia, Editorial, Elsev- 
ier Science Publishing Co., 52 Vanderbilt 
Ave., New York, NY 10017. 


NORTH CAROLINA 

Anesthesiologist needed to join fee-for-ser- 
vice group. Full partnership after year on 
salary. Send CV to BOX BB10, % Anesthesia 
and Analgesia, Desk Editorial, 52 Vanderbilt 
Ave., New York, NY 10017. 


TEXAS 

Two board eligible/certified anesthesiolo- 
gists to join PA group of six boarded MDs 
to form all-MD anesthesia service in 300-bed 
Catholic hospital in community of 160,000. 
No OB; mainly cardiovascular, neuro, ortho 
and general surgery. Generous financial ar- 
rangements; partnership available when 
boarded. Recreational activities and cultural 
arts plentiful. Five-hour drive to mountains/ 
skiing. Position available 7/1/87. Send CV 
to Box CC12, % Anesthesia and Analgesia, 
Editorial, 52 Vanderbilt Ave., New York, 
NY 10017. 


ANESTHESIOLOGIST 

Board certified or eligible to join a group of 
five Anesthesiologist and six Nurse Anes- 
thetists. 350-bed modern hospital in Fred- 
ericksburg, Virginia. One hour from Wash- 
ington, D.C. Reply to Dr. Robert A. Kravetz, 
2101 Fall Hill Avenue, Fredericksburg, VA 
22401. Or phone (703) 371-2786. 


PAIN MANAGEMENT 
Unique opportunity for BC/BE Anesthe- 
siologist with clinical ability to join pro- 
ive group of anesthesiologists. Prac- 
tice limited to Pain Management. No OR or 
OB anesthesia. All procedures for treatment 
of pain including transphenoidal pituitary 
adenolysis and implantable reservoirs. 
Strong ancillary support services including 
full-time psychologist. Applicant should 
possess a strong interest in regional anes- 
thesia and desire one-on-one patient con- 
tact. Willing to train right individual. Ex- 
cellent salary and benefits. Send CV to Pain 
Consortium of Greater KC., 8301 State Line, 
Kansas City, MO 64114. 


TENNESSEE; ANESTHESIOLOGIST 

Private hospital group practice seeks BC/BE 
Anesthesiologist. All types of high-risk sur- 
gical procedures except OB and OH. Ad- 
ditional training in cardiovascular or neu- 
roanesthesia is advantageous. Send CV to 
Anesthesiologists Group, P.C., PO BOX 
50578, Nashville, TN 37205. 


ANESTHESIOLOGISTS & CRNAs 

Are you ready for “New Beginnings”? John 
Paju, CRNA, has been successfully placing 
his colleagues (both MD and CRNA) into 
hundreds of temporary and permanent po- 
sitions throughout the US since 1969. For 
that personal and helpful touch call John or 
one of our Placement Coordinators at 1-800- 
FAST-GAS to discuss exciting job poten- 
tials. Send your resume to 619 South State 
Street, Ukiah, CA 95482. Placements are paid 
by the employer! 


PRIVATE TUTORING AVAILABLE FOR WRIT- 
TEN AND ORAL BOARD EXAMS 

Send name, address, and phone to Box ANA 
5-84-E, % Anesthesia and Analgesia, Desk Ed- 
itorial, Elsevier Science Publishing Co., Inc., 
52 Vanderbilt Avenue, New York, NY 10017. 
Or phone 718-727-9690. 


SOUTHWESTERN PA ANESTHESIOLOGIST 
BE/BC to join group. All except open heart. 
Opening immediately. Excellent compen- 
sation and future for right person. Re- 
sponse confidential. Pittsburgh area. Sub- 
mit CV to Box L26, % Anesthesia and Analgesia, 
Desk Editorial, Elsevier Science Publishing 
Company, 52 Vanderbilt Avenue, New York, 
NY 10017. 
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Surg ical An International 


| Neurosurgical Journal 


Neurology 


Surgical Neurology provides timely, comprehensive, and international coverage of the 
many important advances being made in the field of neurosurgery, both in research and 
clinical applications. Published monthly, Surgical Nemrology presents results of significant 
studies, new surgical procedures, and che latest techniques in diagnostic imaging. 


Recognized worldwide as one of the most outstanding publications in the field, Surgical 
Neurology features: 


® An international editorial board to facilitate the publication of articles from around the 
world. These contributions make Surgical Neurology truly international in scope and 
offer readers che broadest possible coverage. 


è Full-length, original articles that discuss significant advances in the research and 
clinical practice of surgical neurology and report on studies using both human and animal 
subjects. 


© Review Articles — Concise and practical, these reviews summarize recent developments 
on selected topics in the field. 


® Editorials and Letters to the Editor — Chosen for their timely, original content, 
editorials and letters express the opinions of some of the world’s foremost neurosurgeons 
and scientists. 


è Book Reviews, Meeting Announcements, and Classified Ads — These additional 
features round out the journals coverage and provide useful information for neurosurgeons 
and scientists. 
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Sometimes the most difficult 
part of treating an illness 
is respecting the patient 


RESPECTFUL 
TREATMENT: 


A Practical Handbook of Patient Care, 


Second Edition 
Martin R. Lipp, M.D., Associate Clinical 
Professor, Department of Psychiatry, 
University of California, San Francisco, CA 


How do you handle the combative patient. the se- 
ductive patient. the potentially suicidal patient. or the 
angry patient? As you know. the way you relate to your 
patients greatly affects their treatment. Patients who feel 
understood. supported. and respected. cope better with 
their illness and recover faster. 

We have a book that will help you better manage 
and understand the emotional care of your patients 

RESPECTFUL TREATMENT: A Practical Hand- 
book of Patient Care, Second Edition is a book of pro- 
fessional wisdom that has come out of the practice of 
medicine — and has direct application back to it. This 
practical guide to interacting effectively with patients — 
and colleagues. brings you tried and proven ap- 
proaches to problems most often encountered ın patient 
management 


¢ patient anxiety e confusional states 

e depression e pain and addiction 

e refusal of treatment and certifiability 

e psychiatric emergencies ın the hospital setting 

e psychotherapeutic medication ın the physically ll 
e families of the ıll 


For strategies to improve and enhance patient man- 


agement and therapy. count on Respectful Treatment: 
“Martin Lipps beautiful book is for doctors who 
possess medical idealism. who respect the sanctity 
of suffering and who are equipped with tenderness. It 
is a wonderful little book which I wish I could put in 
the hands of every medical student in America.’ 
— Kar! Sp Saba ale os D 

Bulletin of the Menninger Clinic 

ELSEVIER (from a review of the first edition) 


1986 352pages 0-444-01001-7 paper $18.95 


ORDER COUPON 


Please send me copy(ies) of Lipp/RESPECTFUL 
TREATMENT: A Practical Handbook of Patient 
Care, Second Edition. 0-444-01001-7. $18.95 per copy 


—— Please bill me. (Billed customers will be 
charged net cost plus postage and handling) 


Name 





aloje] o a ee eee 
City________—_ State____Zip Code 
Please allow 6-8 weeks for delivery Price subject to change without notice 


Return to your usual supplier or. 

Elsevier Science Publishing Company, Inc. 
P.O. Box 1663. Grand Central Station 

New York. New York 10163-1663 
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BRIEF SUMMARY— (Please consult full package insert 
enclosed in every package, before using Regono!) 


INDICATIONS—Pyridostigmine bromide is useful as a rever- 
sal agent or antagonist to nondepolarizing muscle relaxants 


CONTRAINDICATIONS— Known hypersensitivity to anticho- 
linesterase agents: intestinal and urinary obstructions of 
mechanical type 


WARNINGS—Pyridostigmine bromide should be used with 
particular Caution in patients with bronchial asthma or cardiac 
dysrhythmias. Transient bradycardia may occur and be 
relieved by atropine sulfate. Atropine should also be used with 
Caution in patients with cardiac dysrhythmias. When large 
doses of pyridostigmine bromide are administered, as during 
reversal of muscle relaxants. prior or simultaneous injection of 
atropine sulfate is advisable Because of the possibility of 
hypersensitivity in an occasional patient, atropine and anti- 
shock medication should always be readily available 

When used as an antagonist to nondepolarizing muscle 
relaxants, adequate recovery of voluntary respiration and 
neuromuscular transmission must be obtained prior to dis- 
continuation of respiratory assistance and there should be 
continuous patient observation. Satisfactory recovery may be 
defined by a combination of clinical judgement. respiratory 
measurements and observation of the effects of peripheral 
nerve stimulation. If there is any doubt concerning the ade- 
quacy of recovery from the effects of the nondepolarizing 
muscle relaxant, artificial ventilation should be continued until 
all doubt has been removed 


Use in Pregnancy—The safety of pyridostigmine bromide 
during pregnancy or lactation in humans has not been estab- 
lished. Therefore its use in women who are pregnant requires 
weighing the drug's potential benefits against its possible 
hazards to mother and child 


ADVERSE REACTIONS—The side effects of pyridostigmine 
bromide are most commonly related to overdosage and gen- 
erally are of two varieties, muscarinic and nicotinic Among 
those in the former group are nausea, vomiting, diarrhea, 
abdominal cramps, increased peristalsis, increased saliva- 
tion, increased bronchial secretions, miosis and diaphoresis 
Nicotinic side effects are comprised chiefly of muscle 
cramps, fasciculation and weakness. Muscarinic side effects 
can usually be counteracted by atropine. As with any com- 
pound containing the bromide radical, a skin rash may be 
seen in an occasional patient. Such reactions usually subside 
promptly upon discontinuance of the medication. Throm- 
bophliebitis has been reported subsequent to intravenous 
administration 


DOSAGE AND ADMINISTRATION—When pyridostigmine 
bromide is given intravenously to reverse the action of muscle 
relaxant drugs, it is recommended that atropine sulfate (0 6 to 
1.2 mg) or glycopyrrolate in equipotent doses be given intra- 
venously immediately prior to or simultaneous with its admin- 
istration. Side effects. notably excessive secretions and 
bradycardia, are thereby minimized. Reversal dosages range 
from 0.1-0.25 mg./kg. Usually 10 or 20 mg. of pyridostigmine 
bromide will be sufficient for antagonism of the effects of the 
nondepolarizing muscle relaxants. Although full recovery may 
occur within 15 minutes in most patients, others may require a 
half hour or more. Satisfactory reversal can be evident by ade- 
quate voluntary respiration, respiratory measurements and 
use of a peripheral nerve stimulator device. It is recom- 
mended that the patient be well ventilated and a patent airway 
maintained until complete recovery of normal respiration is 
assured. Once satisfactory reversal has been attained 
recurarization has not been reported 

Failure of pyridostigmine bromide to provide prompt (within 
30 minutes) reversal may occur, e.g., in the presence of 
extreme debilitation, carcinomatosis, or with concomitant use 
of certain broad spectrum antibiotics or anesthetic agents 
notably ether Under these circumstances ventilation must be 
supported by artificial means until the patient has resumed 
control of his respiration 


HOW SUPPLIED—Regono! is available in 
5 mg./ml.: 2 ml. ampuls—boxes of 25—NDC-0052-0460-02 
5 ml. vials—boxes of 25—NDC-0052-0460-05 


REFERENCES: 

Gyermek L: Clinical studies on the reversal of the neuro- 

muscular blockade produced by pancuronium bromide. 1 

The effects of glycopyrrolate and pyridostigmine Curr Ther 

Res 18:377-386, 1975 

2. Ravin MB: Pyridostigmine as an antagonist of d-tubo- 
curanrine-induced and pancuronium-induced neuromus- 
cular blockade. Anesth Analg—Curr Res 54:317-321, 1975 
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of nondepolarizing 
muscle relaxants, 
don't look for what's better... 
OOk for whats best 


Regonol 
(pyridostigmine “== 
bromide injection, USP 

. when compared to neostigmine 


C Clinically fewer side effects 

C Significantly lower degree and incidence of: 
1) Bradycardia 
2) Salivation 
3) Gastrointestinal stimulation 

|] Wide margin of safety’? 
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i E he Bio-logic Beacon™ will help 


See reduce the risk to your patient’s 


brain during surgery because it provides 
a real time monitor of brain status. You 
can check brain status at a glance because 
the Beacon™ translates the EEG signals 
into easy-to-read graphics. You may 
choose to view raw EEG, Compressed 
spectral Array (CSA), Coior Density 
spectral Array (CDSA), numeric values or 
the unique Bio-logic Trending Display. Any 
one of these can be displayed on the entire 
screen, or the screen can be split into 
windows for displaying any combination 
of the four simultaneously. 

In addition to the easy-to-read 
screen, the Beacon™ has a built-in 
warning system which you control. You 
determine the parameters which trigger 
either a warning bell or a silent WARNING 
which will flash on the screen. 

The first hardware consideration 
in the development of this system was 
the amplifiers. SUPERIOR AMPLIFIERS in 
the Beacon™ provide high quality data: 
even in the noisy electrical environment 
of the operating room. 

Hard copy data can be produced 
for your medical records during or after 
surgery. MASS DATA STORAGE on the 
system allows you to select which data 
you want produced on paper and to set 
your own schedule for data printing. 

Keeping with the tradition of 
Bio-logic, each system in the Beacon™ 
series is IBM PC or AT COMPATIBLE and is 
compatible with other Bio-logic systems. 
The Beacon™ is a stand-alone color sys- 
tem EXPANDABLE to include other testing 
capabilities such as full modality evoked 
potential testing, 20 channels of compu- 
terized traditional EEG and topographic 
brain mapping. The Beacon™ Lite is so 
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Save a Brain 








small it will fit almost anywhere in the OR Another tradition at Bio-logic is 

or ICU, and it is EXPANDABLE to include providing EXCEPTIONAL CAPABILITIES for 
full modality evoked potential testing. a REASONABLE PRICE. The systems in 
The Beacon™ Collection is an optional the Beacon™ series are no exception. 
package available on all Bio-logic systems When you tell us your needs, budget and 
and provides all the capabilities of the surgery loads we will custom design a 
Beacon™ stand-alone system. cost-effective system or network of 


systems to fit your specific needs. 





Displayed from left to right: 

Top row, COMPRESSED SPECTRAL ARRAY (CSA), 
COLOR DENSITY SPECTRAL ARRAY (CDSA), 
Bottom row, RAW EEG, TRENDING. 
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Norcuron 


(vecuronium bromide) for injection 


In the vial-syringe package... 
reduces preparation time, cost, and waste. 
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Each 10 mL vial contains 10 mg of 






Danaa sean lyophilized vecuronium bromide. Each 
-UOJNDION 






10 mL prefilled syringe of diluent contains 
bacteriostatic water for injection, USP 
Supplied in boxes of 10. 
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L] Convenient, easy to mix...cuts prepa- 
ration time. 


L] Each vial-syringe unit comes complete 

with its own 22-gauge 14-inch needle, an 

added benefit at a cost saving when 

compared to atracurium, 

< [O Waste can be minimized...unused 
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Available in the 5 mL vial pack 

with diluent, 10 mL vial pack with tne 
diluent, and 10 mL vial pack without ES 
diluent—as well as the new ome") E, 
vial-syringe convenience pack. 
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Your pulse oximeter has to be 
there when you need it. 


Nellcor is committed to making sure that 
your N-100 is. 

In fact, we believe so strongly in the 
quality and reliability of the NELLCOR® 
N-100 pulse oximeter that between 
April 1st and June 26th, 1987 we're add- 
ing 2 extra years onto the standard war- 
ranty of every new NELLCOR N-100 you 
or your hospital purchases. 


You’re always covered. 


That means 3 full years of guaranteed 
service. At no cost to you. 

Even if there is a problem we'll take 
care of it at our expense and send you a 
free loaner within 24 hours to use for as 
long as it takes to repair yours. So you're 
covered. Continuously. 


The NELLCOR N-100 with a 
3 year warranty. Numbers you 
can count on... 


e Over 76,000 N-100’s in over half the 
major hospitals throughout the U.S. 

e Over 80 published papers and abstracts 
documenting its performance and 
reliability. 

e Plus a 3 year warranty. 





To take advantage of this limited time offer, 
after erik contact your local Nellcor representative 
i for details or call Nellcor toll free at 800 


433-1244 (in California, 800 351-9754). 
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Department of Anesthesiology 
Post-ASA Annual Meeting Bermuda Seminar 
eee OTE Eee 


The Problem Patient: 
From the Case Records of the NYU Medical Center 


Sonesta Beach Hotel, Southampton, Bermuda » October 15-18 1987 « Thursday-Sunday 


This four day conference, utilizing the successful case discussion method, will address current, 
important issues in the management of the problem patient. Actual cases from the records of 
the New York University Medical Center and Bellevue Hospital Center will demonstrate the clinical 
dilemmas of practical importance. The program is geared to the clinical anesthesiologist in either 
general or subspecialty practice and concentrates on approaches to the resolution of commonly 
encountered problems. 


The program is arranged so that participants will have each afternoon and evening available to 
enjoy the Sonesta Beach Hotel and the beautiful island and waters of Bermuda. 


Co-Directors: Drs. Marilyn M. Kritchman and Mark A. Kronenfeld 


ACCREDITATION: 16 Category | credit hrs. AMA/PRA FEE: $325 


PREREGISTRATION AND INFORMATION REQUEST FORM 
#103 POST-ASA MEETING 


i ee 


ADDRESS a ee ee 
DAY PHONE (  ) 


AMOUNT ENCLOSED $____ SS f= (For registration only) 


Return to: NYU Medical Center, Post-Graduate Medical School L INFORMATION 
550 First Avenue, New York, N.Y. 10016/(212) 340-5295, 24 hour service _Aae/87 





A 


SCIENTIFIC ARTICLES—continued 


Verapamil Pretreatment before Aortic Cross-Clamping in 
Patients Undergoing Coronary Artery Bypass Graft 


Dopamine Compared with Dobutamine in Experimental 
Septic Shock: Relevance to Fluid Administration 


CLINICAL REPORTS 


Sodium Bicarbonate Attenuates Pain on Skin Infiltration 
with Lidocaine, with or without Epinephrine 


Ketanserin and Guanethidine in the Treatment of 
Causalgia 


Tension Pneumoperitoneum-Pneumothorax during 
Repair of Congential Diaphragmatic Hernia 


LETTERS TO THE EDITOR 


A Device for Uniform Testing of Sensory Neural Blockade 
during Regional Anesthesia 


Spinal Anesthesia and Myocardial Ischemia 
Perioperative Myoclonia or Seizures 


Trimethaphan Is Useful for the Parturient Requiring 
Neuroanesthesia 


In Response 
High Frequency Ventilation 


In Response 


BOOK REVIEWS 


Current European Anesthesiology: The Yearbook of the 
European Academy of Anesthesiology. R. M. Jones, ed. 


Manual of Anesthesia in Cancer Care. W. S. Howland, 
S. M. Rooney, and P. L. Goldiner, eds. 


Consent to Treatment: A Practical Guide. F. A. Rozowsky. 


Anis Baraka, Nada Usta, Maurice Baroody, 
Sanié Haroun, Ibrahim Dagher, and 

Raja Haddad 

Jean-Louis Vincent, Philippe Van der Linden, 


Marc Domb, Serge Blecic, Grace Azimi, and 
Alain Bernard 


Warren McKay, Richard Morris, and 
Phillip Mushlin 


John A. H. Davies, Trevor Beswick, and 
Graeme Dickson 


James H. Diaz 


Divina J. Santos, Mustaque Juneja, and 
Phillip O. Bridenbaugh 


Andre M. De Wolf and Andre A. Van Zundert 
Zia Durrani 


Mitchel Sosis 


Arthur M. Lam 
T. J. A. Tamsma 


James Biondi 


Richard W. Morris 


Hollis E. Bivens 


David S. Smith 


565 


572 


575 


577 


581 


8 


8 


> 


585 


587 


References: 1. Sanford TJ Jr, Smith NT, Dec-Silver H, et al: A comparison of morphine. fentanyl. and 
sufentanil anesthesia for cardiac surgery: Induction, emergence, and extubation. Anesth Analg 
1986;65:259-266. 2. de Lange S, Boscoe MJ, Stanley TH, et al: Comparison of sufentanil-0, and 
fentany!-0, for coronary artery surgery. Anesthesiology 1982:56:112-118. 3. Benefiel DJ, Roizen MF 
Lampe GH, et al Morbidity after aortic surgery with sufentanil vs isoflurane anesthesia. abstracted 
Anesthesiology 1986 :65(3A):A516 

PAGi at i a a 


Before prescribing, please consult complete prescribing information, of which the following is a brief summary 
CAUTION: Federal Law Prohibits Dispensing Without Prescription 

DESCRIPTION: SUFENTA is a sterile, preservative free, aqueous solution containing sufentanil citrate equiva 
lent to 50 pg per mi of sufentanil base for intravenous injection. The solution has a pH range of 3.5-6.0 
INDICATIONS AND USAGE: SUFENTA (sufentanil citrate)is indicated: As an analgesic adjunct in the 
maintenance of balanced general anesthesia. As a primary anesthetic agent for the induction and maintenance 
of anesthesia with 100% oxygen in patients undergoing major surgical procedures, such as cardiovascular 
Surgery or neurosurgical procedures in the sitting positien, ta provide favorable myocardial and cerebral oxyger 
balance or when extended postoperative ventilation is anticipated. SEE DOSAGE CHART FOR MORE COMPLET 
INFORMATION ON THE USE OF SUFENTA 

CONTRAINDICATIONS: SUFENTA is contraindicated in patients with known hypersensitivity to the drug 
WARNINGS: SUFENTA should be administered only by persons specifically trained in the use of 
intravenous anesthetics and management of the respiratory effects of potent opioids. 

An opioid antagonist, resuscitative and intubation equipment and oxygen should be readily 
available. 

SUFENTA may cause skeletal muscle rigidity, particularly of the truncal muscles. The incidence and Severity of 
muscle rigidity is dose related. Administration of SUFENTA may produce muscular rigidity with a more rapid 
onset than that seen with fentanyl. SUFENTA may produce muscular rigidity that involves the skeletal muscles 


following loss of conscious VTA is used in anesthetic dosa 
intravenous infusion, or, 3) simultaneous administration of SUFENTA a 
muscular blocking agent when SUFENTA is used in rapidly administered anes 
The neuromuscular blocking agent should be co e 
acilities should be a postoperative mo 

fac be fully equipped to 


j a full paralyzing dose of a neurc 
ages (above 8 pg/kg) 
s. Adequé 


tated patients. The effect of the initie 

signs should be moni routinely. Nitrous ox! 

high doses of SUFENTA (see CLINICAL PHARMACO 

relaxant and the degree 

neuromuscular blocking agent. High doses of pancuronium may produc 
SUFENTA-oxygen anesthesia. Bradycardia has been reported infrequently 
and has been responsive to atropine. Respira Caused by opioid 
opioid antagonists s loxone. Becau of respiratory 
may last longer the duration of the opioid ¢ an, appropriate s should be maintained 
As with all potent opioids, profound analgesia is accompanied by respiratory depression and diminished sensi 
tivity to CO, stimulation which may persist into or recur in the postoperative period. Appropriate postoperative 
monitoring should be employed to ensure that adequate spontaneous breathing is established and maintained 
prior to discharging the patient from the recove pa. Interaction with Other Central Nervous System 
Depressants: Both the magnitude and duration of central nervous system and cardiova r effects may be 
enhanced when SUFENTA is administered to patients rec 
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respiratory reserve or nntentially enamnrnmised resniratinn In surh natiants nninide mav 
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THAT KEEPS PATIENTS 
ON TRACK 


SUFENTA 


sufentanil citrate) Injection C 


Predictable control for longer, more stressful procedures 


PROVIDES smooth induction’ 


BLUNTS hemodynamic response to intubation 
and surgical stimulation’ 


REDUCES need for vasoactive drugs in 
the intraoperative and postoperative periods’ 


RESULTS in lower postoperative morbidity after 


aortic surgery compared with isoflurane’ 
(in a randomized study comparing sufentanil and isoflurane) 


CONVENIENT: Fewer ampoules to open 


of SUFENTA 

Carcinogenesis, Mutagenesis and Impairment of Fertility: No long-term animal studies of SUFENTA 
have been performed to evaluate carcinogenic potential. The micronucleus test in female rats revealed that 
single intravenous doses of SUFENTA as high as 80 pg/kg (approximately 2.5 times the upper human dose) 
produced no structural chromosome mutations. The Ames Sa/monella typhimurium metabolic activating 
test also revealed no mutagenic activity. See ANIMAL TOXICOLOGY for reproduction studies in rats an ad rabbits 


Pregnancy Category C: SUFENTA has been shown to have an embryocidal effect in rats and rabbits when 
given in doses 2.5 times the upper human dose for a period of 10 days to over 30 days. These effects were 
most probably due to maternal toxicity (decreased food consumption with increased mortality) following 


prolonged administration of the drug. No evidence of teratogenic effects have been observed after administra- 


tion of SUFENTA in rats or rabbits. There are no adequate and well-controlled studies in pregnant women 
SUFENTA should be used during pregnancy only if the potential benefit justifies the potential risk to the fetus 


Labor and Delivery: There are insufficient data to support the use of SUFENTA in labor and delivery 
Therefore, such use is not recommended 


Nursing Mothers: It is not known whether this drug is excreted in human milk. Because many drugs are 
excreted in human milk, caution should be exercised when SUFENTA is administered to a nursing woman 


Pediatric Use: The safety and efficacy of 
vascular surgery has been documented in a limited number of cases 


Animal Toxicology: The intravenous LD<, of SUFENTA is 16.8 to 18.0 mg/kg in mice, 11.8 to 13.0 mg/kg in 
guinea pigs and 10.1 to 19.5 mg/kg in dogs. Reproduction studies performed in rats and rabbits given doses of 
up to 2.5 times the upper human dose for a period of 10 to over 30 days revealed high maternal mortality rates 
due to decreased food consumption and anoxia, which preclude any meaningful interpretation of the results 


ADVERSE REACTIONS: The most common adverse reactions of opioids are respiratory depression and 
skeletal muscle rigidity. See CLINICAL PHARMACOLOGY, WARNINGS and PRECAUTIONS on the management of 


respiratory depression and skeletal muscle rigidity. The most frequent adverse reactions in clinical trials involv- 


SUFENTA in children under two years of age undergoing cardio- 


Dermatological: itching, erythema 
Central Nervous System: chills 
Miscellaneous: intraoperative muscle movement 


Cardiovascular: tachycardia, arrhythmia 
Gastrointestinal: nausea, vomiting 
Respiratory: apnea, postoperative respiratory 
depression, bronchospasm 

DRUG ABUSE AND DEPENDENCE: SUFENTA (sufentanil citrate) is a Schedule |! controlled drug substance 
that can produce drug dependence of the morphine type and therefore has the potential for being abused 


OVERDOSAGE: Overdosage would be manifested by an extension of the pharmacological actions of SUFENTA 
(see CLINICAL PHARMACOLOGY) as with other potent opioid analgesics. However, no experiences of over- 
dosage with SUFENTA have been established during clinical trials. The intravenous LD<, of SUFENTA in male 
rats is 9.34 to 12.5 mg/kg (see ANIMAL TOXICOLOGY for LDsos in other species). Intravenous administration 
of an opioid antagonist such as naloxone should be employed as a specific antidote to manage respiratory 
depression. The duration of respiratory depression following overdosage with SUFENTA may be longer than 
the duration of action of the opioid antagonist. Administration of an opioid antagonist should not preclude 
more immediate countermeasures. In the event of overdosage, oxygen should be administered and ventilation 
assisted or controlled as indicated for hypoventilation or apnea. A patent airway must be maintained, and a 
nasopharyngeal airway or endotracheal tube may be indicated. If depressed respiration is associated with 
muscular rigidity, a neuromuscular blocking agent may be required to facilitate assisted or controlled respira- 
tion. Intravenous fluids and vasopressors for the treatment of hypotension and other supportive measures 
may be employed. 


DOSAGE AND ADMINISTRATION: The dosage of SUFENTA should be individualized in each case according 
to body weight, physical status, underlying pathological condition, use of other drugs, and type of surgical 
procedure and anesthesia. In obese patients (more than 20% above ideal total body weight), the dosage of 
SUFENTA should be determined on the basis of lean body weight. Dosage should be reduced in elderly and 
debilitated patients (see PRECAUTIONS) 


JANSSEN 


U.S Patent No. 3,998,834 
Janssen Pharmaceutica Inc 7618504-M 
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IARS MEMBERSHIP 
FOR YOUR IN-TRAINING AND CONTINUING MEDICAL EDUCATION 


The International Anesthesia Research Society is a non-profit, scientific and educational 
corporation of the State of Ohio, founded in 1922 “to foster progress and research in 
anesthesia.” To this end the Society 


Publishes the oldest journal in the specialty, Anesthesia and Analgesia 
Sponsors an annual scientific meeting (Congress) which is held in March each year 


Funds anesthesia-related research through the IARS B.B. Sankey Anesthesia 
Advancement Award 


Membership in the IARS is voluntary; it is also separate and distinct from membership in any 
other local, state, regional or national anesthesia organization or association. Membership is 
open to individuals who qualify in the various categories shown below; who complete the 
appropriate application and submit it to the IARS Cleveland office with the applicable dues. 
All memberships include a subscription to Anesthesia and Analgesia. Members and Associate 
Members are entitled to a reduced registration fee at the IARS annual meeting; Educational 
Members pay no registration fee. 


...+ MEMBERSHIP CATEGORIES .... 


MEMBERSHIP: Open to individuals with doctorate degrees, who are licensed to practice in 
the medical, osteopathic, dental or veterinary medicine fields (i.e., MD, MB, DO, DDS, DMD, 
DVM), and to individuals with doctorate degrees in any scientific discipline (PhD), who are 
engaged in academic, private or commercial research. 


ASSOCIATE MEMBERSHIP: Open to individuals in the allied health professions, duly 
certified by their professional accrediting organization as nurse anesthetists (CRNA); 
respiratory therapists or technicians (RRT or CRTT); physician/anesthesia assistants (PA/MMS) 
and other allied health professionals in anesthesia-related practice. 


Annual Dues for Members and Associate Members: $60.00 U.S.; $75.00 foreign. 
These memberships are entered on a calendar year basis only. 


/ 


EDUCATIONAL MEMBERSHIP: Open (with certification by program director) to doctors 
(interns/residents) enrolled in anesthesiology training programs; nurses enrolled in nurse 
anesthesia schools; students enrolled in programs leading to certification as physician 
assistants, respiratory therapists or technicians 


Annual Dues for Educational Members: One-half of member rate. These memberships are 
entered in January or July for 2, 3, or 4 year periods. Applications, certified by program 
directors, must accompany check to cover full membership period. 


International Anesthesia Research Society 
3645 Warrensville Center Road, Cleveland, Ohio 44122, USA 


Please send me 





application(s) for: Membership (____) 
Associate Membership (_____) 
Educational Membership (_____) 


Please print clearly: 
Name and Degree (MD, DO, CRNA, RN, RRT, etc.) 


Street Address City, State, Zip Code (country) 








Dual action 
INOCOR LY. avenvone 


Inotropic plus 
vasodilating action 
In a single drug. 





Two-in-one action can CARDIAC 1o 
Improve hemodynamic response — +60 


after cardiac surgery. 
In patients with congestive 
heart failure due to coronary 
artery disease, INOCOR LV. 
increases CI and decreases 
preload and afterload without 
increasing MVO, or significantly ee 
increasing risk of arrhythmias. 
INOCOR LV. is “..an 
extremely useful tool... have n k 
been using amrinone...[for] 
inotropic support to wean l 
patients from cardiopulmonary a ot il ag was infused at 2.5 mg/kg over 1 hour. Adapted from 


Please see last page for important product information concerning 






bypass and as a means of conraindications, vi reactions, patient selection, and precautionary 
m “Interview on file, Winthrop Pharmaceuticals 

increasing [CI { in the post rien a Noire Pi 

bypass period. 


Roberta Hines, M.D. 
Yale University School of Medicine 
Yale University Hospital 
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INOCOR LY. 








vasodil 








heart failure. 


W Unlike catecholamines, INOCOR 
does not significantly increase risk 


0-In-one dual inotropic and 
ator action provides 
Improved therapy for the 
ac surgery patient. 


W Unlike catecholamines, INOCOR 
does not increase MVO, and can be 
used in ischemic patients with 





W Unlike catecholamines, INOCOR 
does not act on the beta receptors— 
may be effectively used in patients 


on beta blockers. 


of arrhythmias (see Precautions). 


Please consult full product information before prescribing. A summary follows 
INOCOR lactate injection, brand of amrinone lactate, represents a new class of 
Cardiac inotropic agents with vasodilator activity, distinct from digitalis 
lycosides or catecholamines 
DICATIONS AND USAGE (INOCOR lactate injection is indicated for the 
short-term management of congestive heart failure in patients who can be 


Closely monitored and who have not responded adequately to digitalis, 


diuretics, and/or vasodilators.) 

INOCOR lactate injection is indicated for the short-term management of 
congestive heart failure. Because of limited experience and potential for serious 
adverse effects (see ADVERSE REACTIONS), INOCOR should be used only in 
patients who can be closely monitored and who have not responded adequately 
to digitalis, diuretics, and/or vasodilators. Although most patients have been 
Studied hemodynamically for periods only up to 24 hours, some patients were 
Studied for longer periods and demonstrated consistent hemodynamic and 
Clinical effects. The duration of therapy should depend on patient 
responsiveness. 

CONTRAINDICATIONS INOCOR lactate injection is contraindicated in patients 
who are hypersensitive to it 

= is also contraindicated in those patients known to be hypersensitive to 
sulfites 
PRECAUTIONS General: INOCOR lactate injection should not be used in 
patients with severe aortic or pulmonic valvular disease in lieu of surgical relief 
of the obstruction. Like other inotropic agents, it may aggravate outflow tract 
obstruction in hypertrophic subaortic stenosis 

During intravenous therapy with INOCOR lactate injection, blood pressure 
and heart rate should be monitored and the rate of infusion slowed or stopped in 
patients showing excessive decreases in blood pressure 


Patients who have received vigorous diuretic ney may have insuffi- 
R lactate injection, 


cient cardiac filling pressure to respond adequately to INO 
in which case cautious liberalization of fluid and electrolyte intake may be 
indicated 

Supraventricular and ventricular arrhythmias have been observed in the 
very high-risk population treated. While amrinone per se has not been shown to 
be arrhythmogenic, the potential for arrhythmia, present in congestive neart 
failure itself, may be increased by any drug or combination of drugs 

Thrombocytopenia and hepatotoxicity have been noted (see ADVERSE 
REACTIONS). 
LABORATORY TESTS Fluid and electrolytes: Fluid and electrolyte changes 
and renal function should be carefully monitored during: amrinone lactate 
therapy. Improvement in cardiac output with resultant diuresis may necessitate 
a reduction in the dose of diuretic. Potassium loss due to excessive diuresis 
May predispose digitalized patients to arrhythmias. Therefore, hypokalemia 
should be corrected by potassium supplementation in advance of or during 
amrinone use 
DRUG INTERACTIONS In a relatively limited experience, no untoward clinical 
manifestations have been observed in patients in whom INOCOR lactate 





injection was used concurrently with the following drugs: digitalis glycosides, 


idocaine, quinidine, metoprolol, propranolol; hydralazine, prazosin, isosorbide 


dinitrate, nitroglycerine; chlorthalidone, ethacrynic acid, furosemide, hydrochio- 
rothiazide, spironolactone, captopril, heparin, wartarin, potassium supple- 


ments, insulin, diazepam 

One case of excessive hypotension was reported when amrinone was 
used concurrently with disopyramide 

Until additional experience is available, concurrent administration with 
Norpace® disopyramide should be undertaken with caution 
USE IN ACUTE MYOCARDIAL INFARCTION !NOCOR is not recommended 
for use in acute myocardial infarction 
USE IN CHILDREN Safety and effectiveness in children have not been 
established 


USE IN PREGNANCY Pregnancy category C In New Zealand white rabbits, 


amrinone has been shown to produce fetal skeletal and gross external 
malformations at oral doses of 16 mg/kg and 50 mg/kg that were toxic for the 
rabbit. Studies in French Hy/Cr rabbits using oral doses up to 32 mg/kg/day did 
not confirm this finding. No malformations were seen in rats receiving amrinone 
intravenously at the maximum dose used, 15 mg/kg/day (approximately the 
recommended daily IV dose for patients with congestive heart failure). There are 
no adequate and well-controlled studies in pregnant women. Amrinone should 
be used during pregnancy only if the potential benefit justifies the potential risk 
to the fetus 

USE IN NURSING MOTHERS Caution should de exercised when amrinone is 
administered to nursing women, since it is not known whether it is excreted in 
human milk 

ADVERSE REACTIONS Jhrombocytopema: Intravenous INOCOR lactate 
injection resulted in platelet count reductions to below 100,000/mm? in 2.4% of 
patients 

Gastrointestinal effects: Gastrointestinal adverse reactions reported with 
INOCOR lactate injection during clinical use included nausea (1.7%), vomiting 
(0.9%), abdominal pain (0.4%), and anorexia (0.4%) 

Cardiovascular effects: Cardiovascular adverse reactions reported with 
INOCOR lactate injection include arrhythmia (3%) and hypotension (1.3%) 


Hepatic toxicity: In dogs, at IV doses between 9 mg/kg/day and 32 mg/kg/day, 


amrinone showed dose-related hepatotoxicity manifested either as enzyme 
elevation or hepatic cell necrosis.or both. Hepatotoxicity has been observed in 
man ese sry Ae oral dosing and has been observed, in a limited 
experience (0.2%), following IV administration of amrinone 

Hypersensitivity: There have been reports of several apparent hypersensitivity 
reactions in patients treated with oral amrinone for about two weeks. Signs and 
Symptoms were variable but included pericarditis, pleuritis, and ascites (one 
Case), myositis with interstitial shadowing on chest x-ray and elevated 


sedimentation rate (one case); and vasculitis witn nodular pulmonary densities, 


hypoxemia, and jaundice (one case). The first patient died, not necessarily of 
the possible reaction, while the last two resolved with discontinuation of 


State-of-the-heart 


(AMRINONE) 


E INOCOR has not been shown to 
interact with anesthetic agents. 


therapy. None of the cases were rechallenged, so attribution to amrinone is no 
certain, but possible hypersensitivity reactions should be considered in an’ 
patient maintained for a prolonged period on amrinone 
General: Additional adverse reactions observed in intravenous amrinoni 
Clinical studies include fever (0.9%), chest pain (0.2%), and burning at the site o 
detest (0.2%) 
OVERDOSAGE Doses of INOCOR lactate injection may produce hypotensior 
because of its vasodilator effect. If this occurs, amrinone administration shouk 
be reduced or discontinued. No specific antidote is known, but genera 
measures for circulatory support should be taken 
MANAGEMENT OF ADVERSE REACTIONS Platelet count reduction: 
Asymptomatic platelet count reduction (to less than 150,000/mm?) may be 
reversed within one week of a decrease in drug dosage. Further, with no change 
in drug dosage, the count may stabilize at lower than predrug levels without ant 
Clinical sequelae. Predrug platelet counts and frequent platelet counts durin 
therapy are recommended to assist in decisions regarding dosage 
modifications 

Should a platelet count less than 150,000/mm? occur, the followin 
actions may be considered 
e Maintain total daily dose unchanged, since in some cases counts have eithe 

Stabilized or returned to pretreatment levels 
e Decrease total daily dose 
e Discontinue amrinone if, in the clinical judgment of the physician, risk exceeds 
the potential benefit 

Gastrointestinal side effects: While gastrointestinal side effects were seer 
infrequently with IV therapy, should severe or debilitating ones occur, the 
physician may wish to reduce dosage or discontinue the drug based on the 
usual benefit-to-risk considerations 
Hepatic toxicity: in clinical experience to date with IV administration, hepatc 
toxicity has rarely been observed. If acute marked alterations in liver enzymes 
occur together with clinical symptoms, suggesting an idiosyncratic hypersens 
tivity reaction, amrinone therapy should be promptly discontinued 

If less than marked enzyme alterations occur without clinical symptoms 
these nonspecific changes should be evaluated on an individual basis. The 
Clinician may wish to continue amrinone and reduce the dosage or discontinue 
the drug based on the usual benefit-to-risk considerations. 
HOW SUPPLIED Ampuls of 20 mL sterile, clear yellow solution cona 
INOCOR 5 mg/mL, box of 5 (NDC 0024-0888-20). Each 1 mL contains INOCO 
lactate equivalent to 5-mg base and 0.25 mg sodium metabisultite in water for 
injection 


1. Benotti JR, Grossman W, Braunwald E, et al: Effects of 
amrinone on myocardial energy metabolism and 
hemodynamics in patients with severe congestive heart 
failure due to coronary artery disease. Circulation 
1980;62:28-34. 
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KAn invaluable Source for Neurologists and Neurosurgeons 


Focal Peripherai Neuropathies 


John D. Stewart, B.Sc., M.B., B.S., M.R.C.P., F.R.C.P.(C), 


Associate Professor, Department cf Neurolo 


and Neurosurgery and Department of Medicine, McGill University; 


Director EMG Laboratory, The Montreal General Hospital, Montreal, Quebec 
illustrated by Margo Siminovitch, B.Sc., A.A.M., Director of Educational Resources, The Montreal General 


Hospital, ‘Montreal, Quebec 


Focal Peripheral Neuropathles is a comprehensive reference source 
for all physiclans and surgeons who treat patients with acute and 
chronic peripheral nerve lesions. Neurologis:s and neurosurgeons, as 
well as hand and plastic surgeons, orthopedists, rheumatologists, and 
specialists in physical medicine and rehabilitation will find this well 
illustrated volume presents clinical and research information directly 
applicable to practice. 


This 421 page, 24 chapter text is devoted to zhe study of lesions of the 
individual peripheral nerves, from the spinal nerve roots to the terminal 
digital branches. The text systematically discusses the causes, 
symptoms, and differential diagnoses of radiculopathies, plexopa- 
thies, and focal neuropathies involving individual peripheral nerve 
trunks and their more important branches. 


1987 » 421 pages + 117 figures + cloth - 0-444-01132-3 + $55.00 
(DII. $205.00 outside North America) 


Contents 


1 The Structure of the Peripheral Nervous $ 
2 Pathological Process Producing Focal Peripheral 
Neuropathies 
3 Electrical Ac in Normal and Abnormal Nerves 
4 The Evaluation of Patients with Focal Neuropathies 
5 The Cervical Spinal Nerve Roots and Spinal Nerves 
6 The Cervical Plexus and the Nerves of the Neck 
7 The Brachial Plexus 
8 The Nerves Arising from the Brachial Plexus 
9 The Median Nerve 
10 The Ulnar Nerve 
11 The Radial Nerve 
12 The Digital Nerves 
13 The Cauda Equina, Lumbar and Sacral Nerve Roots, 
and Spinal Nerves 
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FIGURE 12.1 Palmar view of the right wrist and hand, showing the course and 
branching of the median and ulnar nerves. These naras fal divide tito the 
common digital nerves, which then divide further to become individual proper 
palmar digital nerves. The transverse ligament and its extension, which 
forms the roof of Guyon’ cenal, are with asterisks. 


14 The Lumbosacral Plexus 

15 The Sciatic Nerve, the Gluteal and Pudendal Nerves, 
and the Posterior Cutaneous Nerve of the Thigh 

16 The Common Peroneal Nerve 

17 The Tiblal, Plantar, Interdigital, and Sural Nerves 

18 The Femoral and Saphenous Nerves 

19 The Lateral Cutaneous Nerve of the Thigh 

20 The Obturator Nerve 

21 The iliohypogastric, lliolnguinal, and 
Genitofemoral Nerves 

22 The Thoracic Spinal Nerves 

23 Mononeuropathy Multiplex 

24 Neuropathic Pain 
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Key advantages 
in induction 


e Significantly less apnea 


INCIDENCE OF APNEA 


with narcotic premedication With sedative premedication 


* Sigatheant bilo omo (P=0.03) 
1Signfficant dffurence (P=0.02) 


e Better hemodynamic stability 


While differences were not statistically significant, 
VERSED LV. produced less pronounced decreases 
in stroke volume, heart rate, cardiac output and sys- 
temic vascular resistance. ..and a less pronounced 
increase in mean right atrial pressure” 


e Pronounced anterograde 


amnesia 


Significantly more VERSED-treated patients (24/24) 
had complete or partial anterograde amnesia than 
did thiopental-treated patients (13/26)' 


As a standard precaution, prior to IV. administration of VERSED in 
any dose, oxygen and resuscitative equipment should be immedi 
ately available. VERSED should be used as an induction agent only 
by persons trained in anesthesiology and familiar with all dosing and 
administration guidelines. Reduce dosage in elderly and debilitated, 
in patients receiving narcotic premedication, and in those with 
limited pulmonary reserve 


INJECTABLE 


midazolam HCI œ Roche @v 


equivalent to 5 mg/mL 


A significant advance in anesthetic induction 





+ 


References: 1. Data on file (Doc. #069-001, 004, 005. 007), Roche Laboratories. 
2. VERSED” (brand of midazolam HCl/Roche) @ , Scient fic Summary, Rocha 
Laboratories, Division of Hoffmann-La Roche Inc., Nutley, NJ, 1986. 


VERSED” 


(brand of midazolam HCi/Roche) © 
INJECTION 


Before prescribing, please consult complete product Information, a sum- 
mary of which follows: 

INDICATIONS: IM: preoperative sedation: to impair memory of perioperative 
events. IV: conscious sedation prior to short diagnostic or endoscopic proce- 
dures, alone or with a narcotic; induction of general anesthesia before adminis- 
tration of other anesthetic agents; as a component of intravenous 
Supplementation of nitrous oxide and oxygen (balanced anesthesia) for short 
surgical procedures (longer procedures have not been studied). When used IV, 
VERSED is associated with a high incidence of partial or complete impairment of 
recall for the next several hours. 

CONTRAINDICATIONS: Patients with known hypersensitivity to the drug. Ben- 
zodiazepines are contraindicated in patients with acute narrow angle glaucoma; 
Heed be used in open angle glaucoma only if patierts are receiving appropriate 

erapy. 

WARNINGS: Never use without Individuallzation of dosage. Prior to IV 
use in any dose, ensure Immediate avallability of oxygen and 

tive equipment for maintenance of a patent airway and support of venti 
lation. Continuously monitor for early signs of underventilation or apnea, 
-which can lead to hypoxia/cardiac arrest unless effective counter- 
measures are taken Immediately. V VERSED depressas respiration, and 
opioid agonists and other sedatives can add to this depression; should be 
administered as induction agent only by a person trained in general anesthesia. 
For conscious sedation, do not administer IV by rapid or single bolus. 
Serious cardiespiratory adverse events have occurred, predominantly in older 
chronically ll patients and/or with concomitant use of cther cardiorespiratory 
depressant agents. These have included respiratory depression, apnea, resni- 
ratory arrest and/or cardiac arrest, sometimes resuting in death. 

Do not administer in shock, coma, acute alcohol intoxication with depression of 
Vital signs. 

Guard against unintended intra-arterial injection; hazards in humans unknown. 
Avoid extravasation. 

Higher risk surgical or debilitated patients require lower dosages for induction 

of anesthesia, premedicated or not. 

Patients with chronic obstructive pulmonary disease are Unusually sensitive to 
the respiratory depressant effect of VERSED, Patients with chronic renal failure 
have a 1.5 to 2-fold increase in etimination half-life, zota! body clearance and 
volume of distribution of midazolam. Patients with concestive heart failure have a 
2- to 3-fold increase in the elimination halflife and vclume of distribution of midaz- 
plam. Patients over 55 require lower dosages for incuction of anesthesia, pre- 
medicated or not. Because elderty patients frequently have inefficient function of 
one or more organ systems, and because dosage requirements have been 
shown to decrease with age, reduce initial dosage and consider possibility ot a 
profound anor prolonged effect. 

Concomitant use of barbiturates, alcohol or other CNS depressants may increase 
the risk of underventilation or apnea and may contribute to profound and/or 
prolonged drug effect. Narcotic premedication also deoresses the ventilatory 
response to carbon dioxide stimulation. 

Hypotension occurred more frequently in the conscious sedation studies in 
patients premedicated with narcotic. 

Gross tests of recovery from the effects of VERSED cannot alone predict reaction 
time under stress. This drug Is never used alone during anesthesia, and the 
contribution of other perioperative drugs and events can vary. The decision as to 
when patients may engage in activities requiring mental alertness must be indi- 
vidualized; it is recommended that no patient shoulc operate hazardous 
machinery or a motor vehicle until the effects of the dng, such as drowsiness, 
have subsided or until the day after anesthesia, whichever is longer 

Usage in Pregnancy: An increased risk of congenital malformations 
associated with the use of benzodiazepines (diazepam and chlordiaze- 
poxide) has been suggested in several studies. If VERSED is used during 
pregnancy, apprise the patient of the potential hazard to the fetus. 
PRECAUTIONS: General: increased cough reflex and laryngospasm may 
occur with peroral endoscopic procedures. Use topical anesthetic and make 
necessary countermeasures available; use narcotic pramedication for bron- 
choscopy. Decrease intravenous doses by 25% to 33% for siderty and debilitated 
patients. These patients will also probably take ionger to recover completely 
after VERSED for induction of anesthesia. 

VERSED does not protect against increased intracranial pressure or circulatory 
effects noted following administration of succinyichoiline. 

VERSED does not protect against increased intracranial pressure or against the 
heart rate rise and/or blood pressure rise associated with endotracheal intubation 
under light general anesthesia. 

Information for patients: Communicate the following information and instructions 
to the patient when appropriate: 1. Inform your physician azout any alcohol 
consumption and medicine you are now taking, including nonprescription drugs. 
Alcohol has an increased effect when consumed with benzodiazepines; there- 
fore, caution should be exercised regarding simuttar.sous ingestion of alcoho! 
and benzodiazepines. 2. inform your physician if you are cregnant or are plan- 
ning to become pregnant. 3. Inform your physician if you are nursing. 

Drug interactions: The hypnotic etfect of intravenous VERSED is accentuated by 
premedication, particularly narcotics (e.g., morphine, meperidine, fentanyl) and 
aiso secobarbitai and innovar (fentanyvi and droperidol). Consequently, adiust 


VERSED* (brand of midazolam HCl/Roche) 


The use of VERSED as an induction agent may result in a reduction of the inhala- 
tion anesthetic requirement during maintenance of anesthesia. 

Although the possibility of minor interactive effects has not been fully studied. 
VERSED and pancuronium have been used together in patients without noting 
Clinically significant Changes in dosage. onset or duration. VERSED does not 
protect against the characteristic circulatory changes noted after administration 
of succinytcholine or pancuronium, or against the increased intracrarual pressure 
noted following administration of succinyicholine. VERSED does not cause a 
clinically significant change in dosage. onset or duration of a single intubating 
dose of succinyicholine. 

No significant adverse interactions with commonty used premedications or drugs 
used during anesthesia and surgery (including atropine. scopolamine, glycopyr- 
rolate, diazepam, hydroxyzine, d-tubocurarine. succinyicholine and nondepolar- 
izing muscis relaxants) or topical local anesthetics (including lidocaine, dyclonine 
HC] and Cetacaine) have been observed. 

Drugitaboratory test interactions: Midazolam has not been shown to interfere 
with Clinical laboratory test results. 

Carcinogenesis, mutagenesis, impairment of fertility: Midazolam maleate was 
administered to mice and rats for two years. At the highest dose (80 mg/kg/day) 
female mice had a marked increase in incidence of hepatic tumors and male 
rats had a small but significant increase in benign thyroid follicular cell tumors. 
These tumors were found after chronic use, whereas human use will ordinarily 

be of single or several doses. 

Midazolam did not have mutagenic activity in tests that were conducted. 

A reproduction study in rats did not show any impairment of fertility at up to ten 
times th2 human IV dose. 

Pregnancy: Teratogenic effacts: Pregnancy Category D. See WARNINGS sec- 
tion. Midazolam maleate injectable, at 5 and 10 times the human dose, did not 
show evidence of teratogenicity in rabbits and rats. 

Labor and delivery: The use of injectable VERSED in obstetrics has not been 
evaluated. Because midazolam is transferred transplacentally and because 
other benzodiazepines given in the last weeks of pregnancy have resulted in 
neonatal CNS depression. VERSED is not recornmended for obstetrical use. 
Nursing mothers: It is not known whether midazolam is excreted in human milk. 
Because many drugs are excreted in human milk, caution should be exercised 
when injectable VERSED is administered to a nursing woman. 

Pediatric use: Safety and effectiveness of VERSED in children below the age of 
18 have not been established. 

ADVERSE REACTIONS: Fluctuations in vital signs following parenteral admin- 
istration were the most frequently seen findings and included decreased tidal 
voume and/or respiratory rate decrease (23.3% of patients following IV and 
10.8% œ patients following IM administration) and apnea (15.4% of patients fol- 
lowing [Y administration), as well as variations in blood pressure and pulse rate. 
Serious cardicrespiratory adverse events have also occurred. (See WARNINGS.) 
In the ccnscious sedation studies, hypotension occurred more frequently after IV 
administration in patients concurrently premedicated with mependine. During 
Cknical investigations, three cases (0.2%) of transient fall in blood pressure 
greater than 50% were reported during the induction phase. 

Reactions such as agitation, involuntary movements (including tonic/clonic 
movements and muscle tremor), ivity and combativeness have been 
reported. (See DOSAGE AND ADMINISTRATION.) 

Following IM injection: headache (1.3%); local effects at IM site: pain (3.7%), 
induraticn (0.5%), redness (0.5%), muscie stiffness (0.3%). Following IV adminis- 
tration: hiccoughs (3.9%), nausea (2.8%), vomiting (2.6%), coughing (1.3%), 
“oversedation” (1.6%), headache (1.5%), drowsiness (1.2%); local effects at the 
IV site: tendemess (5.6%), paln during injection (5.0%), redness (2.6%), indura- 
tion (1.7%), phiebitis (0.4%). Other effects (<1%) mainly following IV administra- 
tion: Respiratory: Laryngospasm, bronchospasm, dyspnea, hyperventilation, 
wheezing, shallow respirations, airway obstruction, tachypnea. Cardiovascular: 
Bigeminy,, premature ventricular contractions. vasovaga!l episode, tachycardia, 
nodai rhythm. Gastrointestinal: Acid taste, excessive salvation, retching. CNS/ 
Neuromuscular: Retrograde amnesia, euphoria, confusion, argumentativeness, 
Nervousness, anxiety, grogginess, restlessness, emergence delinum or agitation, 
prolonged emergence from anesthesia, dreaming during emergence, sleep 
disturbance, insomnia, nightmares, athetoid movements, ataxia, dizziness, dys- 
phoria, slurred speech, dysphonia, paresthesia. Special Sense: Blurred vision, 
diplopia, nystagmus, pinpoint pupils, cyclic movements of eyelids, visual distur- 
bance, difficulty focusing eyes. ears blocked, joss of balance, lightheadedness. 
integumantary: Hives, hive-like elevation at injection site, swelling or feeling of 
buming, warmth or coldness at injection site, rash, pruritus. Miscellaneous: 
Yawning, lethargy, chills, weakness, toothache, faint feeling, hamatoma. 

Drug Abuse and Dependence: Available data conceming the drug abuse and 
dependence potential of midazolam suggest that its abuse potential is at least 
equivalent to that of diazepam. 

DOSAGE AND ADMINISTRATION: Individualize dosage. Elderly and debili- 
tated patients generally require lower doses. Adjust dose of IV VERSED accord- 
ing to type and amount of premedication. Excess doses or rapid or single bolus 
Intravencus administration may result in respiratory depression and/or arrest, 
especially in elderly or debilitated patients. (See WARNINGS.) /M use: Inject 
deep in large muscle mass. IV use: Administer initial dose over 20 to 30 seconds 
for induction of general anesthesia. For conscious sedation administer initial 
dose over 2 to 3 minutes. May be mixed in the same syringe with morphine 
sulfate, meperidine, atropine sulfate or scopolamine. Compatible with 5% dex- 
trose in water, 0.09% sodium chloride and lactated Ringer's sotution. 
OVERDOSAGE: Manifestations would resemble those observed with other 
benzodiezepines (e.g., sedation, somnolence, confusion, impaired coordination, 
diminished reflexes, coma, untoward effects on vital signs) No specific organ 
toxicity would be expected. 
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INTERNATIONAL ANESTHESIA RESEARCH SOCIETY 


IARS 62nd CONGRESS 


March 5-9, 1988—HOTEL INTER-CONTINENTAL—SAN DIEGO, CALIFORNIA 





The Program Committee for the [ARS 62nd Congress cordially invites submission of abstracts 
for consideration as oral or poster presentations at the 1988 meeting in San Diego. The official 
abstract application and transmittal forms are available from the Cleveland office of the IARS: 


International Anesthesia Research Society 
3645 Warrensville Center Road 
Cleveland, OH 44122, USA 

Telephone: (216) 295-1124 


Please note the absolute deadline for receipt of completed applications is August 5, 1987. 
Please request forms promptly—either by calling the telephone number above or returning the 
form below. 


Noel W. Lawson, MD, Chairman 
62nd Congress Program Committee 


International Anesthesia Research Society 
3645 Warrensville Center Rd. 
Cleveland, Ohio 44122 


Please send abstract submission packet(s) for the IARS 62nd Congress to: 
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Actual size 


And works when others wont. 
Now pulse oximetry doesn't have to stop 


when electrosurgery begins. 


Introducing 
the new ACCUSAT™ 
pulse oximeter 


Now you don’t have to com- 
promise on either size or per- 
formance when choosing a 
pulse oximeter. The new 
ACCUSAT pulse oximeter 
has it all. Small size—only 4 
inches wide. And outstanding 
performance features, includ- 
ing electrosurgical inter- 
ference suppression (ESIS)— 

wa Datascope pioneered tech- 
nology. That means it con- 
tinues to provide virtually un- 
interrupted Sa0, and pulse 
rate levels during surgical 
procedures requiring 
electrocautery. 


For unsurpassed flexibility, 

a battery option allows the 
ACCUSAT to be placed on 
the bed or on bedside rails 
for convenient transport 
monitoring. Big, bright LED 
displays make seeing oxygen 


saturation and pulse rate 
numbers extremely easy from 
any angle and from considera- 
ble distances. There are no 
hidden controls or ambiguous 
message displays. Every func- 
tion or message is clearly 
labeled or identified for fast, 
simple, reliable operation. 
What’s more, a unique pulse- 
level display can help indicate 


changes in peripheral perfusion. 


A wide range of high 
performance probes for 
superior pulse tracking. 


Now, all patients from large 
adults to small neonates can 
be effectively monitored...con- 
tinuously, without interrup- 
tion. Our totally new probe 
construction in the ACCUSAT 
adult finger probe combines 
high output LEDs with a con- 
trolled tension spring mecha- 
nism for superior pulse 
tracking. And to avoid the 


cost of disposable probes, 
ACCUSAT offers a wide range 
of reusable adult, pediatric 
and neonatal probes. 


Outstanding alone. _ 
Even better together. 


With ACCUSAT, as with all 
our products, there is an en- 
tire family of Datascope prod- 
ucts that function right along 
with it. You can build a com- 
plete Datascope anesthesia 
monitoring system which in- 
cludes ECG, invasive and/or 
non-invasive pressures, re- 
spiratory O, and CO, and con- 
tinuous cardiac output. 


For more information about 
this compact, sophisticated 
pulse oximeter, please call or 
write Datascope Corp., Dept.M, 
PO. Box 5, Paramus, New 
Jersey, 07653-0005. Or call 
(201) 265-8800. Sales and serv- 
ice throughout the world. 


Datascope Corp. e PO Box 5, Paramus, N.J. 07653-0005, U.S.A. e Tel. (201) 265-8800 (Corporate Headquarters) 
Datasco € Datascope B.V. e Postbox 26,3870 CA Hoevelaken, Holland Ħ Tel. 03495-34514 (European Headquarters) 
Datascope GmbH e AM Wall 190, 2800 Bremen 1, West Germany ® Tel. 421-321818/19 
Datascope Medical Co. Ltd. ¢ Science Park, Milton Rd, Cambridge CB44BH, England » Tel. 0223-860 333 
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Sometimes the most difficult 
part of treating an illness 
is respecting the patient 


RESPECTFUL 
TREATMENT: 


A Practical Handbook of Patient Care, 


Second Edition 
Martin R. Lipp, M.D., Associate Clinical 
Professor, Department of Psychiatry, 
University of California, San Francisco, CA 


How do you handle the combative patient. the se- 
ductive patient. the potentially suicidal patient. or the 
angry patient? As you Know. the way you relate to your 
patients greatly affects their treatment. Patients who feel 
understood. supported. and respected. cope better with 
their illness and recover faster. 

We have a book that will help you better manage 
and understand the emotional care of your patients... 

~ RESPECTFUL TREATMENT: A Practical Hand- 
book of Patient Care, Second Edition is a kook of pro- 
fessional wisdom that has come out of the practice of 
: medicine — and has direct application back to it. This 
practical guide to interacting effectively with patients — 
and colleagues. brings you tried and proven ap- 
proaches to problems most often encountered in patient 
management: 

* patient anxiety ¢ confusional states 

e depression * pain and addiction 

+ refusal of treatment and certifiability 

* psychiatric emergencies in the nospitel setting 

¢ psychotherapeutic medication in the physically ill 

e families of the ill 

For strategies to improve and enhance patient man- 
agement and therapy. count on Respectful Treatment: 

“Martin Lipps beautiful book is for doctors who 
possess medical idealism. who respect the sanctity 
~ of suffering and who are equipped with tenderness. It 
is a wonderful little book which I wish I could put in 
the hands of every medical student in America.’ 

Saer ee edie E 
etin of the Menninger Clinic 
ELSEVIER (from a review of the iret edition) - 


1986 352 pages 0-444-01001-7 paper $18.95 


ORDER COUPON 


Please send me ——. copy{ies) of Lipp/ RESPECTFUL 
TREATMENT: A Practical Handbook of Patient 
- Care, Second Edition. 0-444-01001-7. $18.95 per copy. 


—— Please bill me. (Billed customers will be 
charged net cost plus postage and handling) 

Name 

Address 


City. State Zip Cede 
Please allow 6-8 weeks for delivery. Price subyact to change without nouce. 
Return to your usual supplier or: 
Elsevier Science Publishing Company, Inc. 


P.O. Box 1663. Grand Central Station 
New York New: Yark 1M RA-1RAA 











8% Massachusetts 
| 2S Eye and Ear 
WS Infirmary 





Anesthesiologist 
(BE/BG} 


Excellent clinician with interest in 
teaching and research sought for sub- 
specialty practice in anesthesia on 
ophthalmology, ENT, head and neck 
surgery. Joint appointment at Harvarc 
Medical School. Competitive salary 
and attractive fringe benefits package. 
Please forward a CV and cover letter 
to Frederic M. Ramsey, M.D., Chief, 
Department of Anesthesiology, 
Massachusetts Eye and Ear . 
Infirmary, 243 Charles Street, 
Boston, Massachusetts 02114. 





An equal ; 243 Charlies Street 
opportunity Boston, MA 02114 
employer 





ANESTHESIOLOGIST 


Board Certified/Eligible Anesthesiologist needed as 
Associate in Section of Anesthesia of 160 member 
Multi-specialty Clinic which serves as a referral cen- 
ter for surrounding areas of Northeastem Pennsyiva- 
nia and the Southem Tier of New York State. 


State of the art facility. Medical schoo! teaching 
affiliation through surgical residency program pro- 
vides a stimulating environment. Tertiary Care Center 
performing 10,000 anesthetic procedures per. year. 
Most types of surgery performed with emphasis on 
cardiovascular and neurosurgery. 


Area provides attractive living conditions with many 
summer and winter recreational activities readily 
available. Easy access to major metropolitan areas. 
Excellent salary and fringe benefits. Respond with 
Curriculum Vitae to: 

G. V. Ippolito = 

Assistant Vice President 


GUTHRIE CLINIC 
Savra. PA 18840 





RAPID-ACTING 


_ Alfenta 


(alfentanil HCI) 
Injection@ = 


PROVIDES RAPID ONSET, 
SHORT ANALGESIC DURATION 
AND PROMPT RECOVERY 
FOR MOMENT-TO-MOMENT `= — 
CONTROL IN SHORT SURGICAL — 
PROCEDURES 





Equipotent Single IV. Bolus Doses 
1000 


600 
400 


ALFENTA and Fentanyl Plasma Decay Curves 
Adapted from a computer simulation of actual clinical data’ 
Therapeutic range 


200 
Threshold to 
spontaneous ventilation 


A 
Therapeutic range FENY (SO U 
G/ Kg) 


Threshold to 
spontaneous ventilation 


O 


F 
rany OR 


Plasma level (ng/ml) 


l Z 3 
Hours after intravenous dose 





ALFENTA produces increasing plasma 
concentrations and an accumulation of the drug. 





© Janssen Pharmaceutica Inc. 1987 


RAPID ONSET 

for prompt control of 
hemodynamic response 
to surgical stimulation’ 


*As with other opioids, hypotension and bradycardia have been reported. 


SHORT DURATION 

OF ANALGESIC ACTION 
permits titrating 

to patient response 


The smaller volume of distribution seen with ALFENTA 
results in higher plasma concentrations, making more 
of the drug available to the liver for elimination. This 
results in a significantly shorter terminal elimination 
half-life. High intrasubject and intersubject variability 

in the pharmacokinetic disposition of ALFENTA 

has been reported. 

*Patients with compromised liver function and those over 65 years of age 
have been found to have reduced plasma clearance and extended terminal 


elimination for ALFENTA, which may produce more prolonged 
postoperative recovery. 





PROMPT RECOVERY 


In short-stay (major, minor gynecologic) 
procedures 









Five studies® of patients given a mean total dose 
of 9.3-—62.2 Ug/kg of ALFENTA over 10 to 60 
minutes (mean duration) reveal the following: 








Time to Response? Timet 
Number of to Verbal to Establish 


Patients Commands Alertness 


2 min 4 min 
(O to 44) (1 to 178) 


* Appropriate postoperative monitoring should be employed to ensure 
that adequate spontaneous breathing is established and maintained. 
‘Median time measured from discontinuance of nitrous oxide. 













ALFENTA 1.1 minute vs. fentanyl 6.4 minutes 
Onset of opioid-induced sedation as measured by 
maximal electroencephalographic (EEG) changes 
following peak plasma levels, in a clinical study 
comparing ALFENTA infusion 1500 ug/min and 
fentanyl infusion 150 ug/min.? ALFENTA crosses 
the blood brain barrier faster because at body pH, 
90% is unionized while 90% of fentanyl is ionized. 


Comparative Pharmacokinetics in Man 
(mean values following single bolus injections) 











Distribution 
(t 1⁄2 7, min) 


Redistribution 
It aoe, min] 
Elimination 
(t 2B, min) 


Volume of Distribution 
(Vd, L/kg) 


In longer (gynecologic, general) procedures 
using the infusion techniques: 
rapid return toward optimal function 





Three studies’ of patients given a mean loading 
dose of 45-71 Ug/kg of ALFENTA, a mean infusion 
rate of 1.0-2.2 Ug/kg/min with a mean duration of 
anesthesia 1.8 to 29 hours, reveal the following: 





Timet 
Number of Timet to Establish 
Patients to Awake Alertness 


3 min 13 min 
(—5 to 59) (O to 64) 















ADULT DOSAGE GUID! 


BOLUS/INCREMENTAL ADMINISTRATI 


For short procedures 
in spontaneously 
breathing patients: 


An initial bolus loading dose of 8 to 20 Ug/kg 
administered before barbiturate provides 
analgesic protection against hemodynamic 
response to surgical stress with rapid recovery. 
In very short, relatively unstressful procedures, 
additional doses are often unnecessary, 

















For procedures lasting 
30 to GO minutes: 


An initial bolus loading dose of 20 to 50 ug/kc 
ALFENTA, administered before thiopental, 
provides an analgesic level sufficient to reduce 
the hemodynamic response to laryngoscopy < 
Intubation. Additional small increments, given 
needed, permit titrating to patient response. 


A BOLUS/INCREMENTAL 
ADMINISTRATION = 


for short procedures 
CONTINUOUS INFUSION 


For procedures lasting 


more than 45 minutes: 


i A preintubation loading dose of 50 to 75 ug/k 
| 3 administered over 30 to 90 seconds before 
acampo contains 3 thiopental, provides an analgesic level sufficien 
alfentanil HCI for 3 i 
intravenous use. a to attenuate the hemodynamic response 


500 ug/ml q to intubation and incision. 


A CONTINUOUS INFUSION 


for general procedures 


as base. 


An average infusion rate of 1 to 1.5 ug/kg/mir 
has been shown to provide adequate analge: 
reduce sympathetic response to surgical stress, 
and provide rapid recovery with some 
postoperative analgesia. Changes in vital signs 
E may generally be controlled by increasing the 
The duration and degree of respiratory depression and 4 infusion rate and/or administration of a bolus 










increased airway resistance usually increase with dose, E dose of ALFENTA 7 ug/kg. 
‘but have also been observed at lower doses. Because 3 
of the possibility of delayed respiratory depression, 4 


¿Monitoring of the patient must continue well after 
e anA Skeletal muscle rigidity i is related to the dose 
Se t on 








\pprox. Duration 


f Anesthesia Initial Dose 





<30 MIN 


\LFENTA administered 
yy incremental injection, 
with N,O/O, 










8-20 g/kg 
over a one- to 
two-min period 
(based on 
expected 
duration) 







atient spontaneously 
reathing, 


Xr 
assisted ventilation 


when required 









30-60 MIN 


20-50 ug/kg 








ALFENTA administered -a 
w incremental injection, EA 
with N20/O» 


\ssisted or controlled 
ventilation required 


>45 MIN 50-75 g/kg 


\LFENTA administered 
»y continuous infusion, 
vith N,O/O, 


\ssisted or controlled 
‘entilation required 


Maintenance Dose 


3-5 g/kg given incrementally 

or 
0.5-1 ug/kg/min by continuous infusion 
A Titrate dose to patient's respiratory response 
A In clinical studies, maintenance doses were 
seldom required in cases with a duration of 
anesthesia of about 10 min 


































5-15 g/kg 
A Clinical studies have indicated that a bolus 
dose of approximately 7 Ug/kg may be 
administered to control increases In blood 
pressure or heart rate 

A When responses were not controlled or 
recurred in these studies, up to two additional 
bolus doses of approximately 7 Ug/kg were given 
over five min 





0.5-3.0 ug/kg/min by continuous infusion 

A Changes in vital signs that indicate a response 
to surgical stress or lightening of anesthesia may 
be controlled by increasing the infusion rate up to 
a maximum of 4 Ug/kg/min and/or administration 
of bolus doses of 7 ug/kg. If changes are not 
controlled after three bolus doses given over a 
five min period, a barbiturate, vasodilator, and/or 
inhalation agent should be used 

A In absence of signs of lightening of anesthesia, 
infusion rates should always be adjusted 
downward until there is some response to 
Surgical stimulation 

A Infusion should be discontinued at least 10 to 
15 min prior to the end of surgery 

A An average ALFENTA infusion rate of 1 to 

1.5 Ug/kg/min has been shown to maintain 
hemodynamic stability, dampen sympathetic 
response to surgical stress and to provide rapid 
recovery with some postoperative analgesia 

A Within the last 15 min of surgery, administration 
of approximately 7 Ug/kg bolus doses of 
ALFENTA or a potent inhalation agent should be 
administered rather than increasing infusion rate 
in response to signs of lightening anesthesia 























Total Dose 








8-40 g/kg 
A In clinical studies, 
a mean total dose 
of approximately 
30 Ug/kg was 
required for cases 
of approximately 
30-min duration 


























Up to 75 ug/kg 







Dependent 
on duration 
of procedure 







Alfenta’ 


alfentanil HCI) Injection G 


CAUTION: Federal Law Prohibits Dispensing Without Prescription 


DESCRIPTION 

ALFENTA (alfentanil hydrochloride) Injection is an opioid analgesic chemically designated as N-(1-(2- 
(4-ethyl-4,5-dihydro-5-oxo-1H-tetrazol-t-yl) ethyl]-4-(methoxymethyl)-4-piperidinyl]-N-phenylpropanamide 
monohydrochioride (1:1) with a molecular weight of 452.98. ALFENTA is a sterile, non-pyrogenic, preservative 
free aqueous solution containing alfentanil hydrochloride equivalent to 500 ug per ml of alfentanil base for 
intravenous injection. The solution, which contains sodium chloride for isotonicity, has a pH range of 4.0-6.0. 


CLINICAL PHARMACOLOGY 
ALFENTA (alfentanil hydrochloride) is an opioid analgesic with a rapid onset of action. 


At doses of 8-40 pg/kg for surgical procedures lasting up to 30 minutes, ALFENTA provides analgesic 
protection against hemodynamic responses to surgical stress with recovery times generally comparable to 
those seen with equipotent fentanyl dosages. For longer procedures, doses of up to 75 pg/kg attenuate 
hemodynamic responses to laryngoscopy, intubation and incision, with recovery time comparable to fentanyl. 
At doses of 50-75 pg/kg followed by a continuous infusion of 0.5-3.0 g/kg/min, ALFENTA attenuates the 
catecholamine response with more rapid recovery and reduced need for postoperative analgesics as compared 
to patients administered enflurane. High intrasubject and intersubject variability in the pharmacokinetic 
disposition of ALFENTA has been reported. 


The pharmacokinetics of ALFENTA as determined in 11 patients given single bolus injections of 50 or 125 
pg/kg, can be described as a three-compartment model: distribution half-life ranged from 0.4-3.1 minutes; 
redistribution half-life ranged from 4.6-21.6 minutes; and terminal elimination half-life ranged from 64.1-129.3 
minutes (as compared to a terminal elimination half-life of approximately 218 minutes for fentany! and 
approximately 164 minutes for sufentanil). Linear kinetics have been described only with plasma 
concentrations up to 1000 ng/ml. Repeated or continuous administration of ALFENTA produces increasing 
plasma concentration and an accumulation of the drug, particularly in patients with reduced plasma clearance 
The liver is the major site of biotransformation. 


ALFENTA has an apparent volume of distribution of 0.6-1.0 L/kg, which is approximately one-fourth that of 
fentanyl, with a plasma clearance range of 1.7-17.6 ml/kg/min as compared to approximately 12.6 ml/kg/min 
for fentanyl. 


Approximately 81% of the administered dose is excreted within 24 hours and only 0.2% of the dose is 
eliminated as unchanged drug; urinary excretion is the major route of elimination of metabolites. Plasma 
protein binding of ALFENTA is approximately 92%. 


In one study involving 15 patients administered ALFENTA with nitrous oxide/oxygen, a narrow range of plasma 
ALFENTA concentrations, approximately 310-340 ng/ml, was shown to provide adequate anesthesia for intra- 
abdominal surgery, while lower concentrations, approximately 190 ng/ml, blocked responses to skin closure. 
Plasma concentrations between 100-200 ng/m! provided adequate anesthesia for Superficial surgery. 


ALFENTA has an immediate onset of action. At dosages of approximately 105 pg/kg, ALFENTA produces 
hypnosis as determined by EEG patterns; an anesthetic EDgo of 182 pg/kg for ALFENTA in unpremedicated 
patients has been determined, based upon the ability to block response to placement of a nasopharyngeal 
airway. Based on clinical trials, induction dosage requirements range from 130-245 pg/kg. For procedures 
lasting 30-60 minutes, loading dosages of up to 50 pg/kg produce the hemodynamic responses to 
endotracheal intubation and skin incision comparable to those from fentanyl. A pre-intubation loading dose of 
50-75 pg/kg prior to a continuous infusion attenuates the response to laryngoscopy, intubation and incision. 
Subsequent administration of ALFENTA infusion administered at a rate of 0.5-3.0 g/kg/min with nitrous 
oxide/oxygen attenuates sympathetic responses to surgical stress with more rapid recovery than enflurane. 


Requirements for volatile inhalation anesthetics were reduced by thirty to fifty percent during the first 60 
minutes of maintenance in patients administered anesthetic doses (above 130 pg/kg) of ALFENTA as 
compared to patients given doses of 4-5 mg/kg thiopental for anesthetic induction, At anesthetic induction 
dosages, ALFENTA provides a deep level of anesthesia during the first hour cf anesthetic maintenance and 
provides attenuation of the hemodynamic response during intubation and incision. 


Following an anesthetic induction dose of ALFENTA, requirements for ALFENTA infusion are reduced by 30 to 
50% for the first hour of maintenance. 


Patients with compromised liver function and those over 65 years of age have been faund to have reduced 
plasma clearance and extended terminal elimination for ALFENTA, which may prolong postoperative recovery. 
Bradycardia may be seen in patients administered ALFENTA. The incidence and degree of bradycardia may be 
more pronounced when ALFENTA is administered in conjunction with non-vagolytic neuromuscular blocking 
agents or in the absence of anticholinergic agents such as atropine. 


Administration of intravenous diazepam immediately prior to or following high doses of ALFENTA has been 
shown to produce decreases in blood pressure that may be secondary to vasodilation. recovery may also 

be prolonged. 

Patients administered doses up to 200 pg/kg of ALFENTA have shown no significant increase in histamine 
levels and no clinical evidence of histamine release. 

Skeletal muscle rigidity is related to the dose and speed of administration of ALFENTA. Muscular rigidity will 
occur with an immediate onset following anesthetic induction dosages. Preventative measures (see 
WARNINGS) may reduce the rate and severity. 


The duration and degree of respiratory depression and increased airway resistance usually increase with 
dose, but have also been observed at lower doses. Although higher doses may produce apnea and a longer 
duration of respiratory depression, apnea may also occur at low doses. 


INDICATIONS AND USAGE 

ALFENTA (alfentanil hydrochloride) is indicated: 
as an analgesic adjunct given in incremental doses in the maintenance of anesthesia with barbiturate/ 
nitrous oxide/oxygen. 
as an analgesic administered by continuous infusion with nitrous oxide/oxygen in the maintenance of 
general anesthesia. 
as a primary anesthetic agent for the induction of anesthesia in patients undergoing general surgery in 
which endotracheal intubation and mechanical ventilation are required. 


SEE DOSAGE CHART FOR MORE COMPLETE INFORMATION ON THE USE OF ALFENTA 
CONTRAINDICATIONS 


WARNINGS 

ALFENTA SHOULD BE ADMINISTERED ONLY BY PERSONS SPECIFICALLY TRAINED IN THE USE OF 
INTRAVENOUS AND GENERAL ANESTHETIC AGENTS AND IN THE MANAGEMENT OF RESPIRATORY 
EFFECTS OF POTENT OPIOIDS. 


AN OPIOID ANTAGONIST, RESUSCITATIVE AND INTUBATION EQUIPMENT AND OXYGEN SHOULD BE 
READILY AVAILABLE. 


BECAUSE OF THE POSSIBILITY OF DELAYED RESPIRATORY DEPRESSION, MONITORING OF THE PATIENT 
MUST CONTINUE WELL AFTER SURGERY. 


ALFENTA (alfentanil hydrochloride) administered in initial dosages up to 20 pg/kg may cause skeletal muscle 
rigidity, particularly of the truncal muscles. The incidence and Severity of muscle rigidity is usually dose- 
related. Administration of ALFENTA at anesthetic induction dosages (above 130 pg/kg) will consistently 
produce muscular rigidity with an immediate onset. The onset of muscular rigidity occurs earlier than with 
other opioids. ALFENTA may produce muscular rigidity that involves all skeletal muscles, including those of 
the neck and extremities. The incidence may be reduced by: 1) routine methods of administration of neuro- 
muscular blocking agents for balanced opioid anesthesia; 2) administration of up to 1/4 of the full paralyzing 
dose of a neuromuscular blocking agent just prior to administration of ALFENTA at dosages up to 130 pg/kg; 
following loss of consciousness, a full paralyzing dose of a neuromuscular blocking agent should be 
administered; or 3) simultaneous administration of ALFENTA and a full paralyzing dose of a neuromuscular 
blocking agent when ALFENTA is used in rapidly administered anesthetic dosages (above 130 pg/kg). 


The neuromuscular blocking agent used should be appropriate for the patient's cardiovascular status. 
Adequate facilities should be available for postoperative monitoring and ventilation of patients administered 
ALFENTA. It is essential that these facilities be fully equipped to handle all degrees of respiratory depression. 


PRECAUTIONS 

DELAYED RESPIRATORY DEPRESSION, RESPIRATORY ARREST, BRADYCARDIA, ASYSTOLE, ARRHYTHMIAS 
AND HYPOTENSION HAVE ALSO BEEN REPORTED. THEREFORE, VITAL SIGNS MUST BE MONITORED 
CONTINUOUSLY. 


General: The initial dose of ALFENTA (alfentanil hydrochloride) should be appropriately reduced in elderly 
and debilitated patients. The effect of the initial dose should be considered in determining supplemental doses. 
In obese patients (more than 20% above ideal total body weight), the dosage of ALFENTA should be 
determined on the basis of lean body weight. 


In one clinical trial, the dose of ALFENTA required to produce anesthesia, as determined by appearance of 
delta waves in EEG, was 40% lower in geriatric patients than that needed in healthy young patients. 


In patients with compromised liver function and in geriatric patients, the plasma clearance of ALFENTA may 
be reduced anc postoperative recovery may be prolonged. 


Induction doses of ALFENTA should be administered Slowly (over three minutes). Administration may produce 
loss of vascular tone and hypotension. Consideration should be given to fluid replacement prior to induction. 


Diazepam administered immediately prior to or in conjunction with high doses of ALFENTA may produce 
vasodilation, hypotension and result in delayed recovery. 


Bradycardia preduced by ALFENTA may be treated with atropine. Severe bradycardia and asystole have been 
Successfully treated with atropine and conventional resuscitative methods. 


The hemodynamic effects of a particular muscle relaxant and the degree of skeletal muscle relaxation 
required should be considered in the selection of a neuromuscular blocking agent. 


Following an anesthetic induction dose of ALFENTA, requirements for volatile inhalation anesthetics or 
ALFENTA infusion are reduced by 30 to 50% for the first hour of maintenance. 


Administration of ALFENTA infusion should be discontinued at least 10-15 minutes prior to the end of surgery. 


Respiratory depression caused by opioid analgesics can be reversed by opioid antagonists such as naloxone. 
Because the duration of respiratory depression produced by ALFENTA may last longer than the duration of 
the opioid antagonist action, appropriate surveillance should be maintained. As with all potent opioids, 
profound analgesia is accompanied by respiratory depression and diminished Sensitivity to CO, stimulation 
which may persist into or recur in the postoperative period. Intraoperative hyperventilation may further alter 
postoperative response to CO3. Appropriate postoperative monitoring should be employed, particularly after 
infusions and large doses of ALFENTA, to ensure that adequate spontaneous breathing is established and 
maintained in the absence of stimulation prior to discharging the patient from the recovery area 


Head Injuries: ALFENTA may obscure the clinical course of patients with head injuries. 


Impaired Respiration: ALFENTA should be used with caution in patients with pulmonary disease, decreased 
respiratory reserve or potentially compromised respiration. In such patients, opioids may additionally 

decrease respiratory drive and increase airway resistance. During anesthesia, this can be managed by 
assisted or controlled respiration. 


Impaired Hepatic or Renal Function: In patients with liver or kidney dysfunction, ALFENTA should be 
administered with caution due to the importance of these organs in the metabolism and excretion of ALFENTA. 


Drug Interactions: Both the magnitude and duration of central nervous system and cardiovascular effects 
may be enhanced when ALFENTA is administered in combination with other CNS depressants such as 
barbiturates, tranquilizers, opioids, or inhalation general anesthetics. Postoperative respiratory depression 
may be enhanced or prolonged by these agents. In such cases of combined treatment, the dose of one or 
both agents should be reduced. Limited clinical experience indicates that requirements for volatile inhalation 
anesthetics are reduced by 30 to 50% for the first sixty (60) minutes following ALFENTA induction 


Perioperative administration of drugs affecting hepatic blood flow or enzyme function may reduce plasma 
Clearance and prolong recovery. 


Carcinogenesis, Mutagenesis and Impairment of Fertility: No long-term animal studies of ALFENTA 
have been performed to evaluate carcinogenic potential. The micronucleus test in female rats and the 
dominant lethal test in female and male mice revealed that single intravenous doses of ALFENTA as high as 
20 mg/kg (approximately 40 times the upper human dose) produced no structural chromosome mutations 
or induction of dominant lethal mutations. The Ames Salmonella typhimurium metabolic activating test 
also revealed no mutagenic activity. 

Pregnancy Category C: ALFENTA has been shown to have an embryocidal effect in rats and rabbits when 
given in doses 2.5 times the upper human dose for a period of 10 days to over 30 days. These effects could 
have been due to maternal toxicity (decreased food consumption with increased mortality) following prolonged 
administration of the drug. 

No evidence of teratogenic effects has been observed after administration of ALFENTA in rats or rabbits. 
There are no adequate and well-controlled studies in pregnant women. ALFENTA should be used during 
pregnancy only if the potential benefit justifies the potential risk to the fetus. 

Labor and Delivery: There are insufficient data to support the use of ALFENTA in labor and delivery. 
Placental transter of the drug has been reported; therefore, use in labor and delivery is not recommended. 
Nursing Mothers: In one study of nine women undergoing post-partum tubal ligation, significant levels 

of ALFENTA were detected in colostrum four hours after administration of 60 pg/kg of ALFENTA, with no 


Pediatric Use: Adequate data to support the use of ALFENTA in children under 12 years of age are not 
presently available. 

ADVERSE REACTIONS 

The most common adverse reactions, respiratory depression and skeletal muscle rigidity, are extensions of 
known pharmacological effects of opioids. See CLINICAL PHARMACOLOGY, WARNINGS and PRECAUTIONS 
on the management of respiratory depression and skeletal muscle rigidity. 


Delayed respiratory depression, respiratory arrest, bradycardia, asystole, arrhythmias and hypotension have 
also been reported. 

The reported incidences of adverse reactions listed in the following table are derived from controlled and 
open clinical trials involving 1183 patients, of whom 785 received ALFENTA. The controlled trials involved 
treatment comparisons with fentanyl, thiopental sodium, enflurane, saline placebo and halothane. Incidences 
are based on disturbing and nondisturbing adverse reactions reported. The comparative incidence of certain 
side effects is influenced by the type of use, e.g., chest wall rigidity has a higher reported incidence in 
clinical trials of alfentanil induction, and by the type of surgery, e.g., nausea and vomiting have a higher 
incidence in patients undergoing gynecologic surgery. 
eÁ- 





Thiopenta! Saline 
ALFENTA Fentanyl Sodium Enflurane Halothane Placebo’ 
(N=785) (N=243) (N=66) (N=55) (N =18) (N=18) 
% % % % % %, 
Gastrointestinal 
Nausea 28 44 14 5 0 22 
Vomiting 18 31 11 9 13 17 
Cardiovascular 
Bradycardia 14 7 8 0 0 0 
Tachycardia 12 12 39 36 31 11 
Hypotension 10 8 7 7 0 0 
Hypertension 18 13 30 20 6 0 
Arrhythmia 2 2 5 4 6 0 
Musculoskeletal 
Chest Wall 17 12 0 0 0 0 
Rigidity 
Skeletal Muscle 6 2 6 2 0 0 
Movements 
Respiratory 
Apnea 7 0 0 0 0 0 
Postoperative 2 2 0 0 0 0 
Respiratory 
Depression 
CNS 
Dizziness 3 5 0 0 0 0 
Sleepiness/ 2 8 2 0 0 6 
Postoperative 
Sedation 
Blurred Vision 2 2 0 0 0 0 


*From two Clinical trials, one involving supplemented balanced barbiturate / nitrous oxide anesthesia and one 
in healthy volunteers who did not undergo surgery. 


In addition, other adverse reactions less frequently reported (1% or less) were: 


Laryngospasm, bronchospasm, postoperative confusion, headache, shivering, postoperative euphoria, 
hypercarbia, pain on injection, urticaria, and itching. 


Some degree of skeletal muscle rigidity should be expected with induction doses of ALFENTA 


DRUG ABUSE AND DEPENDENCE 
ALFENTA (alfentanil hydrochloride) is a Schedule II controlled drug substance that can produce drug 
dependence of the morphine type and therefore has the potential for being abused. 


OVERDOSAGE 

Overdosage would be manifested by extension of the pharmacological actions of ALFENTA (alfentanil hydro- 
chloride) (see CLINICAL PHARMACOLOGY) as with other potent opioid analgesics. No experience of 
overdosage with ALFENTA was reported during clinical trials. The intravenous LDso of ALFENTA is 43.0-50.9 
mg/kg in rats, 72.2-73.6 mg/kg in mice, 71.8-81.9 mg/kg in guinea pigs and 59.5-87.5 mg/kg in dogs. 
Intravenous administration of an opioid antagonist such as naloxone should be employed as a specific 
antidote to manage respiratory depression. 


The duration of respiratory depression following overdosage with ALFENTA may be longer than the duration 

of action of the opioid antagonist. Administration of an opioid antagonist should not preclude immediate 
establishment of a patent airway, administration of oxygen, and assisted or controlled ventilation as indicated 
for hypoventilation or apnea. If respiratory depression is associated with muscular rigidity, a neuromuscular 
blocking agent may be required to facilitate assisted or controlled ventilation. Intravenous fluids and vasoactive 
agents may be required to manage hemodynamic instability. 


DOSAGE AND ADMINISTRATION 

The dosage of ALFENTA (alfentanil hydrochloride) should be individualized in each patient according to body 
weight, physical status, underlying pathological condition, use of other drugs, and type and duration of 
surgical procedure and anesthesia. In obese patients (more than 20% above ideal total body weight), the 
dosage of ALFENTA should be determined on the basis of lean body weight. The dose of ALFENTA should be 
reduced in elderly or debilitated patients (see PRECAUTIONS). 


Vital signs should be monitored routinely. 


See Dosage Chart for the use of ALFENTA: 1) by incremental injection as an analgesic adjunct to anesthesia 
with barbiturate / nitrous oxide / oxygen for short surgical procedures (expected duration of less than one 
hour); 2) by continuous infusion as a maintenance analgesic with nitrous oxide / oxygen for general surgical 
procedures; and 3) by intravenous injection in anesthetic doses for the induction of anesthesia for general 
surgical procedures with a minimum expected duration of 45 minutes. 


Usage in Children: Clinical data to support the use of ALFENTA in patients under 12 years of age are not 
presently available. Therefore, such use is not recommended. 


Premedication: The selection of preanesthetic medications should be based upon the needs of the 
individual patient. 


Neuromuscular Blocking Agents: The neuromuscular blocking agent selected should be compatible with 
the patient’s condition, taking into account the hemodynamic effects of a particular muscle relaxant and the 
degree of skeletal muscle relaxation required (see CLINICAL PHARMACOLOGY, WARNINGS and PRECAUTIONS 
sections). 


In patients administered anesthetic (induction) dosages of ALFENTA, it is essential that qualified personnel 
and adequate facilities are available for the management of intraoperative and postoperative respiratory 


doe eee ete 


Also see WARNINGS and PRECAUTIONS sections. 

For purposes of administering small volumes of ALFENTA accurately, the use of a tuberculin syringe or 
equivalent is recommended. 

The physical and chemical compatibility of ALFENTA have been demonstrated in solution with normal saline, 
5% dextrose in normal saline, 5% dextrose in water and Lactated Ringers. Clinical studies of ALFENTA 
infusion have been conducted with ALFENTA diluted to a concentration range of 25 pg/ml to 80 pg/ml. 

As an example of the preparation of ALFENTA for infusion, 20 mi of ALFENTA added to 230 mi of diluent 
provides a 40 ug/ml solution of ALFENTA. 

Parenteral drug products should be inspected visually for particulate matter and discoloration prior to 
administration, whenever solution and container permit. 


DOSAGE RANGE CHART 

Incremental Incremental Continuous Anesthetic 

Injection Injection Infusion* Induction 
Approximate l l 
Duration of < 30 mins 30-60 mins > 45 mins > 45 mins 
Anesthesia 
Induction 
Period 8-20 pg/kg 20-50 pg/kg 50-75 pg/kg 130-245 pg/kg 
(Initial Dose) 


5-15 pg/kg 0.5-3.0 pg/kg/min | 0.5 to 1.5 pg/kg/min 
Average Infusion or 
Rate 1-1.5 g/kg/min general anesthetic 


Maintenance 
Period 
(Increments/ 
Infusion) 


Total Dose 8-40 pg/kg up to 75 pg/kg dependent on 
duration of 
procedure 


Spontaneously Assisted or Assisted or Assisted or 
breathing or assisted | controlled ventilation | controlled ventilation | controlled ventilation 
ventilation when required. Attenuation | required. Some required. Administer 
required. of response to attenuation of re- Slowly (over three 
laryngoscopy and sponse to intubation | minutes). Concentra- 
intubation. and incision, tion of inhalation 
with intraoperative | agents reduced by 
Stability. 30-50% for initial 
hour. 


3-5 pg/kg 

or 

0.5-1 ug/kg/min 
dependent on 


duration of 
procedure 





INFUSION DOSAGE 


*Continuous Infusion: 0.5-3.0 g/kg/min administered with nitrous oxide / oxygen in patients under- 
going general surgery. Following an anesthetic induction dose of ALFENTA, infusion rate requirements are 
reduced by 30-50% for the first hour of maintenance. 


Changes in vital signs that indicate a response to surgical stress or lightening of anesthesia may be 
controlled by increasing the rate up to a maximum of 4.0 g/kg/min and/or administration of bolus doses 


of 7 pg/kg. If-changes are not controlled after three bolus doses given over a five minute period, 

a barbiturate, vasodilator, and/or inhalation agent should be used. Infusion rates should always be adjusted 
downward in the absence of these signs until there is some response to surgical stimulation. 

Rather than an increase in infusion rate, 7 pg/kg bolus doses of ALFENTA or a potent inhalation agent 
should be administered in response to signs of lightening of anesthesia within the last 15 minutes of 
surgery. Administration of ALFENTA infusion should be discontinued at least 10-15 minutes prior to the end 
of surgery. 





HOW SUPPLIED 

Each ml of ALFENTA (alfentanil hydrochloride) Injection for intravenous use contains alfentanil hydrochloride 
equivalent to 500 ug of alfentanil base. ALFENTA Injection is available as: 

NDC 50458-060-02, 2 ml ampoules in packages of 10 

NDC 50458-060-05, 5 ml ampoules in packages of 10 

NDC 50458-060-10, 10 mi ampoules in packages of 5 

NDC 50458-060-20, 20 mi ampoules in packages of 5 

Protect from light. Store at room temperature 15°-30°C (59°-86°F). 

U.S. Patent No. 4,167,574 March 1987 49-7619901-M 


Manufactured by Taylor Pharmacal Co. for 
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PHARMACEUTICA 
Piscataway, NJ 08854 
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_Alfenta 


(alfentanil HCI} 
Injection @ 


AN OPTIMAL OPIOID ANESTHETIC 
FOR MOMENT-TO-MOMENT CONTROL 
IN SHORT SURGICAL PROCEDURES 


A Rapid onset of action 
A Short duration of analgesic effect 


A Provides protection against hemodynamic Eee 
to surgical stimulation 


A As with other opioids, bradycardia and hypotension 
have been reported 


A Offers moment-to-moment contro! with bolus or 
incremental injection—or continuous infusion 


A Generally rapid recovery 


4 Appropriate postoperative monitoring should be 
employed to ensure that adequate spontaneous 
breathing is established and maintained 


A For answers to your questions about ALFENTA, call 
1-800-ALFENTA (9 a.m. to 5 p.m. Eastern Time} 


A Available in Tamper Tell® space-saver packaging in 
three convenient sizes 


Each ampoule contains 
alfentanil HCI for 
INtTrAVENOUS USE, 

500 ug/ml 


as base 
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Isoflurane Has a Greater Margin of Safety than Halothane in Swine 


with and without Major Surgery or Critical Coronary Stenosis 


Sandra L. Roberts, MD, Mads Gilbert, MD, and John H. Tinker, MD 





Roberts SL, Gilbert M, Tinker JT. Isoflurane has a greater 
margin of safety than halothane in swine with and 
without major surgery or critical coronary stenosis. 
Anesth Analg 1987;66:485-91. 


The fatal/anesthetic ratio (FAR) in 44 swine weighing 32.6 
+ 0.7 kg (SEM) was determined. Fatal anesthetic concen- 
tration (the numerator for FAR) was defined as the end- 
tidal concentration at which the pig lived at least 10 min, 
during experiments that involved step increments in an- 
esthetic concentrations. Previously reported MAC was used 
as the “anesthetic” concentration (denominator) to deter- 
mine FAR. Halothane was compared to isoflurane and the 
question of whether major surgery might reduce FAR was 
investigated. The major surgery groups included one open 
chest group with each volatile anesthetic studied during 
coronary reserve measurements, and two groups that had 
LAD critical coronary stenoses. Thus volatile agents were 
compared with vs without major surgery, and with vs with- 
out a critical coronary stenosis. 


The FAR for isoflurane was approximately double that 
of halothane. Further, addition of major surgery did not 
produce significant deterioration in FAR with isoflurane. 
In contrast, with halothane there was a significant (ap- 
proximately 20%) decrease in FAR, despite values already 
only half that seen with isoflurane, when major surgery was 
added. Presence of a critical coronary stenosis was not as- 
sociated with a worsened FAR for isoflurane or halothane. 
It was concluded that the fatal/anesthetic ratio for tsoflurane 
in pigs is 1.9 times greater than that for halothane. Addition 
of major surgery did not affect FAR when isoflurane was 
the anesthetic but did when halothane was used. Critical 
coronary stenosis did not worsen FAR. Because these results 
are nearly identical with those reported previously in small 
mammals, the doubled safety margin seen with isoflurane 
may have clinical relevance. 


Key Words: ANESTHETICS, voLatite—isoflurane, 
halothane. HEART—coronary stenosis. 





Drug safety margins are easy to determine if there is 
a well defined drug effect and easily quantitated tox- 
icity. If this is the case, the toxic therapeutic ratio is 
a standard way of assessing the drug’s safety margin. 
For volatile anesthetics, there is no specific therapeu- 
tic effect, nor is there a predictable marker for onset 
of toxicity. Previous attempts to quantify anesthetic 
safety margins have chosen apnea (1), respiratory fail- 
ure (2,3), cardiac failure (2,3), and LDso (4) as “toxic” 
end points and compared them to previously pub- 
lished MAC levels (1), loss of righting reflex (4), loss 
of individual tail clamp response (2,3), and prevention 
of movement and heart rate response to other noxious 
stimuli (4). We utilized fatal anesthetic concentration 
divided by the 1 MAC level (fatal/anesthetic ratio, 
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FAR). By using a fatal end point, we deliberately elim- 
inated questions of when toxicity might begin as well 
as how far anesthetic dose can be increased before 
toxicity becomes irreversible. Previous studies of tox- 
icity of volatile anesthetics (2-4) have utilized small 
animals, except for one study on dogs (1). No study 
has compared anesthesia without vs with superim- 
posed surgical stress, a point of obvious relevance to 
clinical practice. 

Because addition of surgery to anesthesia is asso- 
ciated with a wide variety of autonomic and hormonal 
responses, many of which affect cardiac function, we 
hypothesized that addition of major surgery would 
significantly worsen the animal’s tolerance for the 
agent, that is, it would affect FAR negatively. Myo- 
cardial ischemia has been reported to worsen when 
halothane is used in the presence of coronary stenosis 
(5-7). Accordingly, we reasoned that first adding ma- 
jor surgery alone and then adding a critical coronary 
stenosis to the major surgery in different groups, us- 
ing a large mammal, might best mimic the clinical 
situations wherein any added or differential toxicity 
of volatile agents might be most important. Therefore, 
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Table 1. Summary of Surgical Preparation, End-tidal Concentrations ([Et]) at MAC, and Death and FAR Values 


Open 

Group Agent Surgical preparation chest n MACT[Et} Fatal[Et] FAR? 

Hy Halothane General preparation’ No 7 1.274003 2.46 +0.15 1.98 + 0.06 
Hz Halothane General prep, critical LAD stenosis Yes 7 125+0.03 2.10 + 0.31 1.66 + 0.21 
Ha Halothane General prep, coronary reserve measurement Yes 7 126+ 0.04 2.06 + 0.31 1.64 + 0.24 
Hy, Halothane General prep, aortic snare, coronary reserve Yes 7 1.264003 184+033 1.44 + 0.27 

measurement 

h Isoflurane General preparation" No 3 144+001 4.90 +053 3.43 + 0.38 
Iz Isoflurane General prep, critical LAD stenosis Yes 6 1.49 +0.07 3.02 + 0.55 2.89 + 0.61 
I, Isoflurane General prep, coronary reserve measurement Yes 7 145 +002 441 +0.81 3.05 + 0.55 


All values are mean + sD. 
*MAC halothane = [Et] 1.25%, [Et} isoflurane 1.45%. 


‘FAR, fatal-anesthetic ratio. Values are group averages of individual FARs (mean + sp). 


‘Tracheotomy, monitoring lines (see text). 


our strategy was to compare fatal/anesthestic ratios 
during anesthesia with increments of halothane vs 
isoflurane 1) in the presence vs absence of major sur- 
gery; 2) with vs without addition of a critical coronary 
artery stenosis in a large mammal. We found isoflur- 
ane to be consistently associated with significantly 
better safety margins. 


Methods 


Data from a total of 44 separate animal experiments 
are reported herein. Using this protocol and some of 
these same animals we simultaneously completed two 
separate studies: 1) a study of comparative hemo- 
dynamic changes in animals with vs without critical 
coronary stenoses, (n = 13) and; 2) a study of coro- 
nary reactive hyperemia as an estimate of coronary 
reserve (n = 21). Both studies required major surgery 
and were designed using graded increments of vol- 
atile anesthetics with sufficient time to equilibrate at 
each MAC multiple level (see later). To these groups 
we added a third group of pigs (n = 10) studied in 
identical fashion with respect to graded agent level 
increments, but without major surgery. 


General Preparation 

In all groups, pigs weighing 26-37 kg were deprived 
of food but not water for 12 hr before experiments. 
Anesthesia was induced without premedication with 
only the agent under study (halothane n = 28, iso- 
flurane n = 16) in oxygen using a large animal anes- 
thesia mask. A catheter was placed in an ear vein for 
administration of muscle relaxant and maintenance 
fluids. After paralysis with succinylcholine and tra- 
cheal intubation via tracheotomy, the animals were 
ventilated to Paco, of 37 + 2mm Hg (+ SEM). Arterial 
pressure (AP) was transduced via the right common 


carotid artery reached through the tracheotomy in- 
cision. Pulmonary artery pressures (PAP) and ther- 
modilution cardiac outputs (CO) were measured via 
a 7F pulmonary artery catheter inserted through the 
femoral vein. AP, PAP, and ECG were continuously 
displayed and recorded. Cardiac output was mea- 
sured in triplicate at each data point using iced 5% 
dextrose-water. Arterial blood gas tensions and pH 
values were frequently measured and rectal temper- 
ature maintained within 38 + 0.5°C by means of 
warming blanket and heat lamp. Concentration of 
volatile agent under study was measured with a cal- 
ibrated mass spectrometer (Perkin-Elmer) in gas con- 
tinuously sampled from the endotracheal tube. Sur- 
gery was performed at approximately 1 MAC end- 
tidal [Et] concentration. For 1 MAC levels, we used 
1.45% for isoflurane (8), and 1.25% for halothane (9). 


Specific Animal Preparation 


Table 1 presents each group’s preparation and iden- 
tification. 


Controls (n = 10, groups H; and h). Animals in 
this group were not exposed to surgery apart from 
that required by the general preparation described 
earlier. These animals were done after the surgical 
groups. The length of agent exposure at each MAC 
level was the same as the average time spent in the 
surgical groups for each agent. 


Critical coronary stenosis (n = 13, groups H; and I)). 
After induction and placement of monitoring cathe- 
ters, the pericardium was exposed through a median 
sternotomy and a cradle was formed. The shortest 
possible part of the left anterior descending coronary 
artery (LAD) was dissected to allow placement of a 
glycerine-filled hydraulic occluder and an oiled silk 
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Table 2. Number of Survivors at Each MAC Level 
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Group 0.5 1.0 1.25 1.50 795 2.0 2.9 3.0 3.5 4.0 4.5 
H, closed 7 7 7 7 7. 6 0 i = aja — 
H, critical st 7 7 7 6 4 1 0 ma = s 2 
H, coronary res 7 7 7 6 4 1 0 — — kai — 
FL BP control 7 7 6 5 2 0 = S eam arn — 
F, closed 3 3 3 a 3 3 3 2 0 — — 
F, critical st 6 6 6 6 6 6 6 4 3 0 — 
F, coronary res 7: 7. 7 7 7 7 7 5 2 1 0 


suture. Distal LAD blood flow velocity was measured 
with a 20 mHz piezoelectric ultrasonic Doppler probe 
attached epicardially to the LAD with vacuum. By 
gradually expanding the occluder with glycerine via 
a micrometer syringe, we considered that a critical 
LAD stenosis had been established at the point where 
10 sec total occlusion caused no reactive hyperemia 
upon release. This has been considered to occur with 
a stenosis such that distal coronary vasculature is 
maximally dilated (10). Placement of such critical LAD 
stenosis was performed at 1 MAC, en before starting 
the protocol. 


Coronary reactive hyperemia (n = 21, groups Ha, Hy, 
and I;). After general preparation, a median sterno- 
tomy was performed and the heart was suspended 
in a pericardial cradle. Dissection was limited to the 
shortest possible proximal LAD segment needed to 
pass an oiled silk suture rigged as a snare through a 
thin tubing. No hydraulic occluder was employed. A 
20 mHz Doppler probe adjacently attached with vac- 
uum epicardially on the LAD served to measure coro- 
nary flow velocity. The snare allowed rapid on-off 
total LAD occlusions and was used for experiments 
designed to study coronary reserve. Three separate 
hyperemic responses, each provoked by 15 sec total 
flow arrest, were used to measure coronary reserve, 
flow repayment, and duration of reactive hyperemia 
(11) at each increment of [Et]agent- Each of these ani- 
mals was thus exposed to the stress of intermittent 
brief myocardial ischemia at least three times at each 
concentration level of agent tested. Hyperemic re- 
sponses were not repeated until coronary blood flow 
returned to normal or until 3 min had passed. One 
of these groups using halothane (group H4) had a 
snare placed around the aorta just distal to the left 
subclavian artery. The snare was used to mechanically 
elevate arterial blood pressure to the level previously 
recorded with isoflurane (group I) at each MAC level 
before reactive hyperemia in triplicate was tested. Ex- 
cept for groups H; and J,, these animals were all part 
of studies designed for other purposes as well as FAR 


determination. The increments of increases in anes- 
thetic concentrations, all the way to death, were iden- 
tical. This provides the rationale for the fa- 
tal/anesthestic ratios reported here as one large group. 


Calculation of Fatal/Anesthetic Ratio 


We chose to use the reported MAC level of study 
agent (goals MAC halothane = 1.25% [Et] r MAC isoflurane 
= 1.45%[Et]) as denominators when calculating in- 
dividual fatal-anesthetic ratios rather than individ- 
ually determined MACs, because of the possibility of 
time-related deterioration of the preparation. Fatal- 
anesthetic ratio (FAR) was therefore calculated as fatal 
[Et] divided by the 1 MAC level [Et] actually achieved 
in that animal. The fatal end-point was taken as the 
time at which transduced arterial pressure waves and 
visual cardiac function were no longer detectable. 


Protocol for Fatal/Anesthetic Ratio Studies 


Individual fatal/anesthetic ratios of halothane or iso- 
flurane were established by exposure of each animal 
to step increments of one study agent until the death 
of each animal. [Et]agen. Was measured with a cali- 
brated mass spectrometer. Care was taken to reach 
protocol MAC multiples with precision. 

All groups were exposed to identical increments in 
[Et]agent regardless of their inclusion in other studies. 
Surgery was performed at 1 MAC. No anesthetic other 
than the study agent, and no other drugs except suc- 
cinylcholine were given during each experiment. After 
completion of surgery, graded increments of MAC 
were achieved at the following levels: 0.5, 1.0, 1.25, 
1.5, 1.75, 2.0, 2.5, 3.0 MAC, followed by 0.5 MAC 
steps until each animal died (Table 2). At least 15 min 
of stable [Et]agen. Was allowed at each level before 
recordings, but if the animal survived 10 min steady 
state [Et]agen, that concentration was taken to be the 
fatal level. If the animal lived less than 10 min after 
achievement of a target [Et]agent, then the fatal con- 
centration was taken as the previous one. Each animal 
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Table 3. P Values for Comparisons between Groups 


Contrasts P value 
Isoflurane vs halothane 0.0000" 
Closed chest; isoflurane vs halothane 0.0010" 
Open chest; isoflurane vs. halothane 0.0000" 
Critical coronary stenosis; isoflurane vs halothane 0.00017 
Isoflurane closed chest vs open chest 0.2495 
Isoflurane closed chest vs open chest 0.3746 
Isoflurane closed chest vs critical coronary stenosis 0.2152 
Isoflurane open chest vs critical coronary stenosis 0.6304 
Halothane closed chest vs open chest 0.00007 
Halothane closed chest vs open chest 0.00267 
Halothane closed chest vs critical coronary stenosis 0.00007 
Halothane closed chest vs pressure controlled 0.00007 
Halothane open chest vs pressure controlled 0.1718 
Halothane open chest vs critical stenosis 0.8807 


“P values for group comparisons significant at the 0.0033 level. Deter- 
mined by Bonferroni adjustment of overall significance value P < 0.05. Anal- 
ysis by Satterthwaite approximation (t-test with modified degrees of free- 
dom). 


in all other groups was exposed to the agent studied 
for a period of time at each MAC step nearly identical 
to the average exposure at each step in groups H and 
l, because these groups required the most time to 
complete the experiments after achievement of target 
state [Et]asent- Care was taken not to overshoot agent 
concentrations at each MAC level. 


Statistical Analyses 


Data presented are mean + sD. Data analysis used 
the Satterthwaite approximation (12,13) (t-test with 
modified degrees of freedom). Because of differences 
in variance between isoflurane groups and halothane 
groups, use of tests that assume homogeneous vari- 
ance would have been inappropriate. The Satterth- 
waite approximation does not assume uniform vari- 
ance. Comparisons were made with Bonferroni 
adjustments to protect the overall error rate of 0.05. 
P < 0.05 was considered significant. 


Results 


End-tidal [Et] at MAC at death as well as the calcu- 
lated fatal/anesthetic ratios are presented in Table 1. 
(FAR is reported as the mean value + SEM of the 
individual calculated FARs) Figure 1 shows the com- 
parative results. Fatal/anesthetic ratio was signif- 
cantly lower (worse) for halothane (1.68) than for to 
isoflurane (3.12) in all groups, whether or not there 
was major surgery, critical coronary stenosis, or in- 
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Figure 1. Fatal/anesthetic ratios of halothane vs isoflurane. Iso- 
flurane’s fatal/anesthetic ratio significantly exceeds halothane’s for 
each comparison indicated by brackets. Asterix indicates a signif- 
icant difference between each surgical group and closed chest group 
with halothane. 


termittent myocardial ischemia. Summarizing Figure 
1, halothane’s safety margin was approximately half 
that of isoflurane. Table 2 shows the number of ani- 
mals surviving at least 10 min [Et] at each MAC in- 
crement. Table 3 gives P values for comparisons be- 
tween the groups. 

Comparing the closed chest animals (groups H; 
and I; to all open chest groups, the FAR for isoflurane 
was not significantly worse in the open chest groups. 
In contrast, when halothane was the anesthetic, there 
was a significant decrease of approximately 20% in 
FAR, from 1.98 + 0.6 to 1.58 + 0.07 for closed vs 
open chest animals, respectively. For each agent, there 
were no significant differences in FAR between any 
of the separate open chest groups. Again, a signifi- 
cantly lower FAR was found for halothane vs iso- 
flurane in these open chest groups. Although the aor- 
tic snare elevated coronary driving pressure 
intermittently to levels equal to group averages at 
equi-MAC level in the previously studied isoflurane 
groups, the maneuver was not effective in increasing 
halothane’s FAR when compared with either the iso- 
flurane groups or with the other open chest halothane 
groups. 

Addition of major surgical stress during different 
experiments involving open chest animals signifi- 
cantly lowered halothane’s already significantly worse 
FAR relative to that of isoflurane. With isoflurane, 
addition of an apparently identical magnitude of sur- 
gical stress did not significantly decrease the isoflur- 
ane FAR seen in the control group (hı). Blood gas 
tensions, pH, and temperatures were not significantly 
different between groups and/or across the time of 
the studies. 


J 
‘2 
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Discussion 


A wider safety margin of isoflurane relative to halo- 
thane has been previously reported in rats (3,4) (with- 
out surgery or concomitant disease). Kissin et al. (4) 
found isoflurane’s safety margin to be more than dou- 
ble that of halothane. Wolfson et al. (3) reported a 
safety margin for isoflurane of approximately 1.9 times 
that of halothane. Our overall fatal/anesthetic ratio 
for isoflurane was 1.88 times that of halothane in these 
large mammals. 

Our calculation of safety margin depends on MAC. 
We used previously reported MAC values of 1.25% 
for halothane (9) and 1.45% for isoflurane (8). Tran- 
quilli et al. (14), in contrast, reported a halothane MAC 
in pigs of 0.91%. This value was reported in much 
larger pigs (46—96 kg) than either we (32.6 + 0.7 (SEM), 
range 24-39 kg) or Weiskopf and Bogets (9) (24.7 + 
1 kg) used. Porcine weight correlates with age. The 
lower MAC values of Tranquilli may reflect an older 
study group, as aging has been shown to lower MAC 
(15). Further, Tranquilli et al. (14) did not allow steady 
state equilibration for 15 min at each tested concen- 
tration; they instead assumed that a small alveolar to 
inspired difference indicated steady state. We believe 
the MAC of 1.25% determined by Weiskopf and Bog- 
ets (9) to be more relevant to our experiments and so 
chose to use it. Substitution of the Tranquilli et al. 
(14) halothane MAC of 0.91% in our FARs would 
move them closer to those seen with isoflurane but 
there still would be a substantial difference between 
agents, and surgery would have had the same relative 
further deleterious consequences with halothane but 
not with isoflurane. 

Critical coronary stenosis was defined by Gould et 
al. (10) as a stenosis tight enough so that no reactive 
hyperemia occurs in response to a 10 sec total occlu- 
sion. This implies near maximal distal coronary di- 
lation (in the absence of compensatory collateral flow) 
and greatly increased pressure dependency of coro- 
nary blood flow to the affected region. If ischemia had 
ensued because isoflurane indiscriminantly dilated 
other myocardial regions, as speculated to occur in 
human studies by Reiz et al. (16) and Moffit et al. 
(17), the isoflurane animals with critical coronary ste- 
noses would have been expected to have a worsened 
fatal/anesthetic ratio. Because this did not occur, the 
production of significant myocardial ischemia with 
clinically relevant [Et] levels of isoflurane by a mech- 
anism of coronary steal could not be shown in this 
series of experiments. One problem may be inade- 
quacy of such a “critical” coronary stenosis. Hickey 
et al. (7) produced hypotension with nitroprusside, 
halothane, or trimethaphan in a canine model with a 
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critical coronary stenosis as defined earlier. They could 
not produce ischemia with a critical coronary stenosis, 
but a more severe stenosis in combination with hy- 
potension did result in regional lactate production 
and ST segment depression (7). It is possible that a 
more severe coronary stenosis might have had a greater 
effect on FAR of one or both agents. 

Our study indicates that a single, acute, critical 
coronary stenosis does not seem to reduce volatile 
anesthetic safety margin. Because the presence of a 
single, acute, coronary stenosis does not mimic dif- 
fuse coronary artery disease, Reiz’s reported delete- 
rious effect of isoflurane (16) might require more 
widespread coronary arterial disease and/or collater- 
alization (which itself may not have the same vascular 
response to volatile anesthetics as do normal coronary 
arteries). Human studies reporting deleterious effects 
of isoflurane may have confounded their results 
through a combination of large, uncontrolled de- 
creases in coronary perfusion pressure, with resultant 
autoregulatory changes in coronary vascular tone, 
coupled with increased heart rates plus extensive 
coronary disease. Our attempt to control for the de- 
crease in coronary perfusion pressure seen with halo- 
thane in group H, by temporarily increasing blood 
pressure mechanically via an aortic snare did not re- 
sult in an improved fatal/anesthetic ratio for halo- 
thane. 

Anesthesia without vs with surgery might logically 
be expected to produce different results with respect 
to anesthetic safety margin determinations. Cate- 
cholamine release, other stress hormonal activity, fluid 
shifts, and oxygenation are likely to be different be- 
tween surgery vs no surgery with respect to the anes- 
thetized state. Exogenous vasopressors including epi- 
nephrine and norepinephrine, with the exception of 
ephedrine and possibly of mephentermine, do not 
alter MAC (18). Whether surgical stress alters MAC 
or not is not testable, since the determination of MAC 
in animals requires an intermittently-applied maximal 
stimulus. Sternotomy is not such an intermittent stim- 
ulus, and it would be difficult to assess its effect on 
individual MAC determinations. We elected to use 
previously published MAC values without making 
adjustment for superimposed surgical stress. 

With halothane, major surgery with protocols that 
included either intermittent periods of regional brief 
myocardial! ischemia or a continuous critical coronary 
stenosis both resulted in significant worsening of the 
FAR. A worsening of isoflurane’s safety margin was 
not seen in the same two open chest groups anes- 
thetized with that agent. There is evidence that halo- 
thane may have specific deleterious effects that result 
in a decreased fatal/anesthetic index. Michenfelder 
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(19) investigated halothane’s effect on cerebral blood 
flow and CMRO), in dogs and reported that high con- 
centrations of halothane decreased CMRO, to near 
zero levels. They considered this a toxic effect (19). 
They could not achieve this with barbiturates (20) or 
isoflurane (21), but instead noted a leveling off of 
CMRO, despite increasing doses of anesthetic to sim- 
ilarly high levels. Thus there appear to be distinct 
qualitative differences between halothane and iso- 
flurane, a contention supported by our results. Sim- 
ilarly, though halothane may deleteriously affect he- 
patic arterial blood flow and oxygenation, and Van 
Dyke (22) has suggested that this might play a role 
in the mechanism of halothane-associated hepatotox- 
icity, Gelman et al. (23) found that isoflurane causes 
either hepatic arterial dilation and/or better preserved 
hepatic autoregulatory ability than does halothane. 
Studies of coronary vascular reactivity from our lab- 
oratory (24) have consistently shown much better 
preservation of coronary reserve at graded increments 
of anesthetic with isoflurane than with equi-MAC 
concentrations of halothane. Thus we believe there is 
considerable support, but no consensus regarding the 
mechanism, for a qualitative as well as quantitative 
difference in safety margin between halothane and 
isoflurane. 

The most striking finding of our study is the low 
fatal/anesthetic ratio, or safety margin, found for hale 
thane. The calculated overall ratio of 1.9 between the 
FAR of the two drugs (3.15/1.68 for isoflur- 
ane/halothane, respectively) implies that isoflurane 
has a safety margin about 200% higher than does 
halothane. This finding, although from a different 
species, is in agreement with previous investigations 
(3,4) reporting the relation between the safety mar- 
gins of these two drugs to be 1.9 or higher. 

Previous studies of anesthetic safety margins (1-4), 
however performed, have been in the absence of both 
systemic or cardiac disease and surgery. The resultant 
safety margins would be considered low by clinicians 
familiar with other commonly used drugs. Digitalis, 
generally considered a very unsatisfactory drug from 
this point of view, has a human toxic therapeutic ratio 
similar to that reported for halothane in rats by Wolf- 
son et al. (3) and Kissin et al. (4). Utilizing the median 
cited therapeutic level, the toxic therapeutic ratio for 
digoxin is 2.0 (25). 

We believe that studies of relative safety margins 
may be useful in making clinical choices in patients 
with concurrent disease. In a recent review of human 
anesthesia-related cardiac arrest by Keenan and Boyan 
(26), there were 15 cardiac arrests attributed at least 
in part to anesthetic overdoses. Nine of these (60%) 
involved a volatile anesthetic (six halothane, two en- 
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flurane, one cyclopropane); three of these nine pa- 
tients died. Lunn and his colleagues in Cardiff made 
a large study of anesthesia risk, involving reports on 
108,878 anesthetics (27). The overall mortality related 
to anesthesia was 4.6 per 10,000 cases. Of 32 deaths 
judged to be totally due to anesthesia, 5 were con- 
sidered “unavoidable.” In the remaining 27 cases, 
although there were “avoidable” features, the inves- 
tigators were often of the opinion that even if the 
avoidable features had not occurred, there would still 
have been a fatality (28). Keats (29) has pointed out 
that older admonishments such as Sir Robert Mac- 
Intosh’s famous 1948 statement “I hold that there 
should be no deaths due to anesthesia” (30), imply 
that anesthetics should somehow be different from 
all other drugs and have no inherent risk of toxicity 
(i.e, an infinite safety margin). Keats (29) and Lunn 
et al. (27) seem to be implying that low anesthetic 
safety margins may be at least in part causative. Why 
use any drugs with such low safety margins? Phar- 
macologic determinations of safety margin do not tell 
the whole story. If the kinetics of a drug are such that 
postoperative ventilatory support is not needed, for 
example, the overall usage of that drug might be safer 
despite a low pharmacologic safety margin. Volatile 
agents will likely remain popular for these kinds of 
reasons—but comparative pharmacologic safety mar- 
gin studies should still help regarding choice. 

In conclusion, we found isoflurane to have a higher 
fatal/anesthetic ratio than halothane in each study 
group. Addition of critical coronary stenosis had no 
effect on the fatal/anesthetic ratio with either anes- 
thetic. Elevating the coronary perfusion pressure in 
the halothane group to levels equal to those seen in 
the isoflurane group did not improve halothane’s safety 
margin. Addition of surgical stress further narrowed 
the safety margin of halothane but not that of iso- 
flurane. We have shown that there are qualitative and 
quantitative differences in safety margins between the 
two anesthetics, and that addition of surgical stress 
is also a determinant of safety margin. A doubling of 
pharmacologic safety margin, though still low com- 
pared, for example, to narcotics or benzodiazepines, 
does seem clinically important. The fact that similar 
increases in safety margin were observed in rats as 
well as in the large mammals we studied increases 
the likelihood that there is clinical relevance to these 
animal findings. 
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The tetanic fade induced by intraarteriai administration of 
neostigmine or by subparalyzing doses of d-tubocurarine or 
hexamethonium was studied in cat anterior tibial muscle 
preparations. The prior administration of atropine signifi- 
cantly reduced the time for recovery from the tetanic fade 
induced by the above mentioned drugs. A similar response 


Skeletal muscles respond with sustained contractions 
when electrically stimulated at physiologic frequen- 
cies (30-80 Hz). However, tetanic fade (Wedensky 
inhibition) may follow nerve stimulation even at lower 
frequencies if muscle is treated with anticholinester- 
ase (1) or antinicotinic agents (2). 

Tetanic fade has been related to a run-down of 
endplate potentials and probably depends on a partial 
exhaustion of the readily releasable store of acetyl- 
choline (Ach) (3,4). Theoretical models have been pro- 
posed suggesting that Ach, in addition to its action 
on subsynaptic membranes, also acts on prejunctional 
cholinoceptors to change the Ach mobilization pro- 
cess and thus to control the neurotransmitter output 
during tetanic stimulation. Nicotinic (5) and musca- 
rinic presynaptic receptors (6,7) exist in motor nerve 
endings. The blockade of nicotinic presynaptic recep- 
tors by curarelike drugs decreases (8), whereas block- 
ade of muscarinic presynaptic receptors by atropine 
increases, Ach output from neuromuscular prepara- 
tions (9). 
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was seen when atropine was administered prior to neostig- 
mine administration for reversal of paralyzing doses of 
d-tubocurarine. We interpret these results to show that pre- 
synaptic muscarinic receptors participate in a negative feed- 
back affecting acetylcholine release at the neuromuscular 
junction. 


Key Words: NEUROMUSCULAR JUNCTION— 
function. NEUROMUSCULAR RELAXANTS—d-tu- 
bocurarine. PARASYMPATHOMIMETIC NERVOUS 
SYSTEM—atropine. 


Atropine is usually clinically employed together with 
an anticholinesterase for reversal of nondepolarizing 
muscle relaxants. However, there are no reports doc- 
umenting interactions between atropine, muscle re- 
laxants, and cholinesterase antagonists at the neu- 
romuscular synapse. The present study was 
undertaken to analyze further in the cat anterior tibial 
muscle preparation the effect of atropine on the re- 
covery of tetanic fade induced by d-tubocurarine, 
hexamethonium, or neostigmine. 


Methods 


Cats of either sex, weighing 3-4.5 kg, were used in 
this study. Each animal was anesthetized with a com- 
bination of a-chloralose 60 mg/kg IV, and urethane, 
600 mg/kg IV. The anterior tibial muscle was then 
prepared for the recording of isometric twitch tension 
by means of a previously described method (10). The 
right limb was fixed to a Brown-Schuster-type myo- 
graph by means of a metal pin screwed through the 
head of the tibia. The distal tendon was dissected free 
and tied to a force-displacement transducer coupled 
to a Grass 5D polygraph (Grass Instruments, Quincy, 
MA). The popliteal artery was exposed and all branches 
except those to the anterior tibial muscle and the mid- 
dle genicular artery were tied off. To allow intraar- 
térial injection of drugs, a polyethylene cannula was 
introduced into the middle genicular artery and tied 
close to the popliteal artery. During intraarterial in- 
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Figure 1. Examples of cat anterior tibial muscle contractile response 
during tetanic stimulation. The tetanic fade is calculated as the ratio 
(R) between the tension at the end (B) and the tension at the 
beginning (A) of the tetanic response (R = B/A). C and D corre- 
spond to pretetanic and posttetanic twitches, respectively. F rep- 
resents the rate of stimulation required to obtain R = 0.5. 


jection of drugs, the anterior tibial artery was oc- 
cluded just below the entrance of its branch into the 
anterior tibial muscle. 

Muscular contractions were evoked by electrical 
stimulation of the sciatic nerve with supramaximal 
square wave pulses of 0.05 msec duration. In all ex- 
periments the standard rate of stimulation was 0.1 
Hz, but at 5 min intervals there was stimulation at 
higher (tetanic) rates applied to the nerve for 10 sec. 
The tension produced at the beginning of tetanic stim- 
ulation (component A) was compared to that obtained 
at the end of tetanic stimulation (component B). The 
rate of stimulation (F) required to obtain a ratio R = 
B/A = 0.5 was determined for each preparation (see 
typical example in Fig. 1). The rate F/2 was then used 
throughout the experiment. Because values of R ex- 
ceeding 1 were never detected, component A of the 
response to tetanic stimulation is also referred to in 
the text as tetanic peak tension. Saline (0.05 ml) was 
then injected intraarterially (time t = 0 min). Tetanic 
stimulation at F/2 Hz frequency was then applied to 
the nerve for 10 sec at t = 5 min. Test drug (neostig- 
mine, hexamethonium, d-tubocurarine, or a-bunga- 
rotoxin) was injected intraarterially at t = 10 min. 
Doses of test drugs were chosen to change the ratio 
R without pronounced changes in twitch response. 
Tetanic stimulation was then repeated at t = 11, 15, 
20, 25 and 30 min. During the intervals between con- 
secutive tetanic stimulations, preparations were con- 
tinuously stimulated at the standard rate. The same 
sequence was repeated 60 min later with saline-con- 
taining atropine injected at t = 0 min. Variations in 
R were expressed as a percentage of R obtained at t 
= 5 min in the absence of atropine and plotted against 
the time after test drug administration. 

A different experimental design was used in a sep- 
arate group of cats. The F/2 rate of stimulation was 
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Figure 2. Antagonism by atropine, 0.25 ug/kg, of tetanic fade in- 
duced by neostigmine, 1.0 g/kg, in cat anterior tibial muscle prep- 
arations. In the ordinate, ratio R (see Fig. 1) is expressed as a 
percentage of that obtained 5 min after injection of drug-free saline, 
taken as 100%. The abcissa represents time after injection of drug- 
free saline (@—@) or saline containing atropine (OO). Neostig- 
mine was injected at time t = 10 min (arrow). Drugs were admin- 
istered through the middle genicular artery. Points represent mean 
(+SE) of 6 experiments. *Significantly different from control (drug- 
free saline) for P < 0.05. 


initially determined for each preparation. The cats 
were then divided into three groups (groups 1 through 
3), each one beginning at time t = 0 with the admin- 
istration of a paralyzing dose of d-tubocurarine in- 
traarterially followed by tetanic stimulation delivered 
att = 1,5, 10, 15, 20, 25 and 30 min. A standard rate 
of stimulation was used during the intervals. Drug- 
free saline was injected by the same route at t = 4 
and at t = 9 min in group 1 (control) and at t = 4 
min in group 2. Saline-containing neostigmine was 
injected at t = 9 min in groups 2 and 3. Saline-con- 
taining atropine was injected at t = 4 min in group 
3. The sequence of experiments was arranged in a 
random manner for each preparation. No stimulation 
was applied to the motor nerve during the 30-min rest 
period between experiments. Variations in R were 
expressed as a percentage of that R obtained 5 min 
before administration of d-tubocurarine and plotted 
as described above. All test drugs were dissolved in 
saline (0.05 ml) and injected as a bolus followed by 
washing of the cannula with drug-free saline (0.05 
mi). 

Rectal temperature were maintained at 37 + 1°C 
throughout the experiment. All exposed tissues in the 
preparation were covered with mineral oil. The data 
obtained in the absence (control) or presence of test 
drug (neostigmine, hexamethonium, or d-tubocura- 
rine) were subjected to analysis of variance. The data 
obtained from different groups of cats were submitted 
to an ANOVA II analysis of variance for repeated 
measures in randomized block designs. Tuckey’s test 
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Figure 3. Antagonism by atropine, 0.3 g/kg, of tetanic fade in- 
duced by hexamethonium, 10 uwg/kg, in cat anterior tibial muscle 
preparations. Ordinates and abcissae are as in Figure 2. Hexame- 
thonium was injected at time t = 10 min (arrow). Drugs were 
injected through the middle genicular artery. Points are means 
(SE) of six experiments. *Significantly different from control (drug- 
free saline) (P < 0.05). 


was applied when control and test data were signif- 
icantly different by analysis of variance. 

The following drugs were used: atropine sulphate 
(Merck), d-tubocurarine chloride, hexamethonium 
bromide, neostigmine methyl-sulphate and a-bun- 
‘garotoxin (Sigma). All doses were given as the salt. 


Results 

Effect of Neostigmine 

The tetanic tension of cat anterior tibial muscle during 
nerve stimulation at rate F/2 (40-80 Hz) was usually 
well sustained. After neostigmine, 10 g/kg intraar- 
terially, a tetanic fade was observed. The tetanic peak 
tension was not changed by the anticholinesterase 
agent, and twitches evoked by the standard rate of 
stimulation were increased slightly and only tran- 
siently. The decrease in R values was maximal] 5 min 
after drug administration and remained below the 
control levels for 20 min. Spontaneous recovery was 
complete 60 min after neostigmine (not shown in fig- 
ures). Maximal decrease in R occurred sooner when 
atropine, 0.25 we/kg intraarterially, preceded the in- 
jection of neostigmine. Complete recovery followed 
by R values slightly above control levels occurred 10 
min after neostigmine in atropine-treated prepara- 
tions (Fig. 2). Atropine alone had no effect on either 
twitch or tetanic tension. 


Effect of Hexamethonium 


Hexamethonium, 10 yg/kg, intraarterially, induced 
tetanic fade with no detectable change in either tetanic 
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Figure 4. Antagonism by atropine, 1.0 g/kg, of tetanic fade in- 
duced by d-tubocurarine, 4.0 ng/kg, in cat anterior tibial muscle 
preparations. Ordinates and abcissae are as in Figure 2. d-Tubo- 
curarine was injected at time t = 10 min (arrow). Drugs were 
administered through the middle genicular artery. Points are means 
(+SE) of six experiments. “Significantly different from control (drug- 
free saline} (P < 0.05). 


peak tension or the twitches evoked by a standard 
rate of stimulation. Maximal reduction in R was ob- 
tained 10 min after drug administration and remained 
below control for about 50 min. Similar degrees of 
fade were seen when hexamethonium was adminis- 
tered after atropine, 0.3 pg/kg intraarterially. The 
maximum decrease in R at 1 and 5 min after hexa- 
methonium and atropine was only slightly less than 
in controls. However, complete recovery ocurred sig- 
nificantly earlier in the presence of atropine (Fig. 3). 


Effect of d-Tubocurarine 


d-Tubocurarine, 4.0 wg/kg intraarterially, produced 
tetanic fade after a slight and transitory depression of 
twitch but not in tetanic peak tension. Maximal de- 
crease in R was observed 60 sec after drug adminis- 
tration and spontaneous recovery was complete 60 
min later. Tetanic fade induced by d-tubocurarine was 
significantly less and appeared earlier when the drug 
was administered after atropine, 1.0 ug/kg intraar- 
terially. Although recovery was not completed during 
the time of observation, the R values were always 
significantly greater than in controls (Fig. 4). 


Effect of a-Bungarotoxin 


a-Bungarotoxin, 10 g/kg intraarterially, produced slow 
and progressive depression of both twitch and tetanic 
peak tensions but not of tetanic fade (not shown in 
figures). These effects were not changed by the pre- 
vious administration of atropine, 1.0-6.0 ug/kg in- 
traarterially, in the six animals tested. 
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Figure 5. Tetanic fade induced by paralyzing dose of d-tubocurarine 
(TC = 80 pg/kg). On the ordinate axis, ratio R (see Fig. 1) is ex- 
pressed as percentage of R obtained before TC administration (con- 
trol) in each experimental sequence, taken as 100%. The abcissa 
expresses time after injection of TC. Arrows indicate time of in- 
jection of TC, drug-free saline (S = 0.05 ml), or saline containing 
neostigmine (N = 60 ug/kg) or atropine {A = 40 g/kg) through 
the middle genicular artery. Points are means (+SE) of six exper- 
iments. Asterisk denotes significantly different from control curve 
(@—@), double asterisk denotes significantly different from any 
other curve at the same time of observation. 


Antagonism by the Combination of Atropine 
and Neostigmine of Tetanic Fade Induced 
by d-Tubocurarine 


d-Tubocurarine, 80 ug/kg intraarterially, was used to 
block twitches and produce a tetanic fade that spon- 
taneously recovered within 60 min. Artificial respi- 
ration was not required under these experimental 
conditions. In group I, R values that were virtually 
zero were obtained 1 and 5 min after d-tubocurarine 
(Fig. 5). Neostigmine, 60 ug/kg, injected intraarteri- 
ally 9 min after d-tubocurarine led to prompt recovery 
of twitch tension (not shown in figures) but tran- 
siently prolonged the time for recovery from tetanic 
fade. R values significantly greater than those seen in 
group I were obtained only 25 and 30 min after d- 
tubocurarine (Fig. 5). Atropine, 40 ug/kg intraarteri- 
ally, not only shortened the time for recovery from 
the tetanic fade but also hindered the neostigmine- 
induced transitory potentiation of tetanic fade produced 
by d-tubocurarine (Fig. 5). Analysis of variance ap- 
plied to the data indicates that the curves in Figure 5 
are significantly different (P < 0.01). 


Discussion 


The present results demonstrate that atropine reduces 
the time for recovery from tetanic fade induced by d- 
tubocurarine, hexamethonium, or neostigmine in cat 
tibialis anticus muscle preparations. Confirming pre- 
vious reports (2), the tetanic fade occurred even when 
doses of drugs used were insufficient to produce 


ANESTH ANALG 495 
1987;66:492-6 


prominent changes in twitch tension. It was also shown 
that neostigmine, although leading to prompt recov- 
ery of the twitch tension, transiently potentiates the 
tetanic fade induced by a paralyzing dose of d-tubo- 
curarine. Atropine not only hindered the potentiation 
produced by neostigmine but also hastened the re- 
covery from tetanic fade initially produced by d- 
tubocurarine. 

Over the years, several reports have presented evi- 
dence suggesting that tetanic fade may result from 
postjunctional or prejunctional effects of drugs. The 
former hypothesis, that the effect is postjunctional, 
includes the proposal that Ach released during high 
frequencies of nerve stimulation may promote an in- 
creased frequency of ion channel opening (11). Recent 
evidence indicates that d-tubocurarine not only inter- 
acts with the receptor sites of the closed form of the 
receptor but also penetrates and plugs open ion chan- 
nels (12). Hexamethonium appears to act mainly by 
plugging the open ion channels (13,14). The plugging 
of the ion channels by these antagonists would be 
facilitated during tetanic nerve stimulation, thus pro- 
ducing fade. Confirming a previous report (15), we 
have also demonstrated that a-bungarotoxin de- 
pressed both twitch and tetanic tension but did not 
produce fade. This toxin is thought to combine with 
receptor recognition sites but probably does not pen- 
etrate the open ion channels (16). Fade would then 
depend on increased plugging of open ion channels 
by the antagonist, but not on blockade of receptor 
recognition sites (2). If this is so, the fade induced by 
neostigmine might result from an increased channel 
opening by Ach accumulated in the synaptic cleft. A 
desensitization of subsynaptic membranes should then 
be expected (1), but this phenomenon was not shown 
to follow high frequencies of nerve stimulation (17,18). 
Moreover, we would expect atropine to enhance the 
fade induced by neostigmine, d-tubocurarine, or hexa- 
methonium, because atropine is known to block open 
ion channels in the motor endplate (11). Thus, a post- 
junctional mechanism of interaction does not seem 
likely to account for the results we found in our study. 

The ability of atropine to enhance the Ach release 
from the cerebral cortex (19-21) has led to the concept 
of a muscarinic feedback inhibition over Ach release 
(22), an hypothesis also extended to smooth (23) and 
skeletal muscles (9). There is also evidence that a nic- 
otinic feedback excitation over Ach release may also 
exist at the neuromuscular junction (see introduc- 
tion). Taken together, these reports led us to conclude 
that during physiologic rates of nerve stimulation 
neuromuscular transmission depends on a presyn- 
aptic modulation of Ach release involving both nic- 
otinic and muscarinic feedback mechanisms. The for- 
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mer feedback is related to an increase in the 
neurotransmitter output from its readily releasable 
storage sites (2), whereas the latter, in accordance 
with experiments on Torpedo synaptosomes, may be 
related to the inhibition of metabolic reactions that 
regulate Ach mobilization (7). The Ach accumulated 
in the synaptic cleft may then stimulate or inhibit its 
own release, especially in the presence of high fre- 
quencies of nerve stimulation. According to this point 
of view, blockade by d-tubocurarine or hexametho- 
nium of presynaptic nicotinic receptors leaves unaf- 
fected the muscarinic receptors through which Ach 
reduces its output and produces fade. The neostig- 
mine-induced fade would then be explained as a re- 
inforcement of the natural tendency of high frequer- 
cies of nerve stimulation to stimulate presynaptic 
muscarinic receptors. 

In summary, our data indicate that atropine may 
well play a role in clinical anesthesia when given to- 
gether with an anticholinesterase to reverse the action 
of a nondepolarizing relaxant. 


The authors are grateful to Mr. D. S. Reis for technical assistance 
and Mrs. S. M. Stefanelli for manuscript preparation. 
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BERGGREN D, GUSTAFSON Y, ERIKSSON B, BUCHT G, 
HANSSON L-I, REIZ $, WINBLAD B. Postoperative 
confusion after anesthesia in elderly patients with femoral 
neck fractures. Anesth Analg 1987;66:497--504. 


Fifty-seven patients, all over the age of 64, with femoral 
neck fracture were randomized to receive epidural or halo- 
thane anesthesia to see if the anesthetic technique influenced 
the incidence of postoperative confusion. All patients were 
lucid on admission. Using the American Psychiatric As- 
sociation’s Diagnostic and Statistical Manual of Mental 
Disorders (DSM-III) as criteria for confusion, we found that 
44% of the patients developed confuston that correlated closely 
to a history of mental depression (P < 0.01) and to the use 
of drugs with anticholinergic effect (P < 0.005). There was 


Postoperative confusion in elderly patients after sur- 
gery for fractured neck of the femur is a well-known 
clinical problem. The incidence of femoral neck frac- 
tures is increasing because of the expanding elderly 
population. During the past two decades, there also 
has been a non-age-related increase in the incidence 
af hip fractures in urban populations of the Scandi- 
navian countries and Great Britain (1-5). Postopera- 
tive cardiopulmonary complications and mortality have 
been extensively studied in such patients (6-10). In 
contrast, there is little information available on the 
mechanisms of postoperative mental complications in 
these patients. In elderly patients operated on for hip 
fractures, under a variety of anesthetic agents and 
techniques as well as with different surgical methods, 
36% (33/91) were confused on the first postoperative 
day (11). Cognitive impairment seems to be the most 
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no difference in the incidence of confusion between the two 
anesthetic groups. In patients given halothane, however, 
early postoperative hypoxemia was associated with confu- 
sion (P < 0.05). Patients with confusion had significantly 
more postoperative complications and almost four times longer 
hospitalization times. It is concluded that anticholinergic 
medication and a history of mental depression are predom- 
inant risk factors for development of postoperative confusion 
and in this respect are more important than the anesthetic 
technique. 


Key Words: RECOVERY—delirium, confusion. PSY- 
CHOLOGIC RESPONSES—delirium, confusion. 
ANESTHESIA, ORTHOPEDIC—hip fractures. ANES- 
THESIA—geriatric. 


reliable predictor for patients not regaining indepen- 
dence after hip fracture surgery (12-14). 

It has been suggested that the anesthetic technique 
may be of importance in the development of post- 
operative mental confusion. A significantly higher in- 
cidence of mental complications after elective hip re- 
placement surgery was found in patients anesthetized 
with thiopental—fentanyl—nitrous oxide than in pa- 
tients operated on under epidural analgesia (15). The 
authors concluded that confusion was related to the 
degree of postoperative hypoxemia in patients given 
general anesthesia. Anticholinergic medication has alse 
been associated with postoperative confusion (16). 

The aim of the present study was to compare the 
incidence of postoperative mental confusion and as- 
sociated complications in patients operated on for 
fractured neck of the femur under halothane and un- 
der epidural anesthesia. 


Materials and Methods 


Fifty-seven patients admitted to the orthopedic wards 
of the Umea University Hospital from March 1983 to 
November 1984 were followed from admission until 
1 yr after surgery. All patients were operated on for 
femoral neck fractures. Only fully lucid patients were 
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Table 1. Patient Data 
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Epidural group Halothane group 
(n = 28) (n = 29) 
Age (yr) 78 + 8 77 +7 
Range 65-92 66—86 
Sex F/M 24/4 227 
Previous medical history Confusion No confusion Confusion No confusion 
(n = 14) (n = 14) (n = 11) (n = 18) 
Ischemic heart disease 10 8 5 6 
Hypertension 4 2 2 5 
Diabetes 1 3 2 3 
Cerebrovascular disease 3 1 a 2 
Respiratory disease 2 1 —- 2 
Depression 6 1 2 1 
Parkinsonism 1 1 3 — 
Severely impaired hearing 1 2 3 5 
Severe visual impairment 4 2 1 3 
Confusion No confusion Confusion No confusion 
Medication (n = 14) (n = 14) (n = 11) (n = 18) 
Digitalis 4 2 2 5 
8-blockers 3 1 1 3 
Diuretics 4 5 5 6 
Insulin or oral antidiabetic drugs — 2 2 1 
Antiparkinson drugs -> 2 3 — 
Benzodiazepines 4 1 3 3 
Drugs with anticholinergic action’ 
Antidepressants 6 — 2 — 
Neuroleptics 6 2 2 1 
Others 1 1 1 — 
No medication -— 3 1 5 


“Drugs with anticholinergic action were significantly more common in the epidural group (P < 0.05). 


included in the study. After informed consent, pa- 
tients were randomly allocated to receive either halo- 
thane or epidural anesthesia. Relevant patient data 
are outlined in Table 1. The study was approved by 
the Ethics Committee of the University of Umeå. 


Mental Testing 


In accordance with the Diagnostic and Statistical Manual 
of Mental Disorders (DSM-M) criteria for delirium (17), 
patients were defined as confused if they had cloud- 
ing of consciousness and were disoriented as to their 
own identity, to time, or to situation, and if the mental 
symptoms fluctuated. The Organic Brain Syndrome 
Scale (OBS scale) developed by Gustafson (18) was 
used to detect and follow confusion. The OBS scale 
consists of two parts: the disorientation subscale, a 
questionnaire of 15 items; and the confusion subscale, 
an observation schedule containing 39 clinical fea- 
tures. The disorientation subscale describes the pa- 
tient’s orientation as to time, place, and own identity 
and the confusion subscale describes different cog- 


nitive, perceptual, emotional, and personality changes, 
physical and practical disabilities, and fluctuations of 
the clinical state. The items are rated on a four-point 
scale. A nondisturbed behavior or correct answer re- 
sults in a zero (0): most disturbed behavior or a totally 
incorrect answer is assigned three points, as is no 
answer given. 

In the present study, variables of the OBS scale 
affected by the hip fracture per se were excluded. 
Thus, the disorientation subscale (Fig. 1) was modi- 
fied to 12 and the confusion subscale to 21 items. 
Patients were tested on admission with the 12-item 
disorientation subscale. Only those with six points or 
less (36 points = total disorientation), in a maximum 
of three variables, were included in the study. The 
mean score was 1.5 points. The first testing was done 
within 3 hr of admission. All 33 variables were re- 
corded on the first and seventh postoperative days. 
Recovery from drugs used in anesthesia usually is 
complete after 8 hr (19,20), and so any abnormal men- 
tal states seen within the first eight postoperative hours 
were not registered as confusion. Patients were tested 
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Figure 1. The disorientation subscale of 
the rating scale for organic brain syn- 
dromes (L. Gustavsson) modified to pa- 
tients with femoral neck fractures. On 
admission 26 patients answered all these 
questions fully correctly, rendering a 
score of zero points. Only one patient 
had six points. 


according to the modified OBS scale by two of the 
authors (Gustafson, Bucht). Their interrater reliability 
was tested before and during the study and was found 
to be over 90% for all variables. At the time of testing, 
they did not know what type of anesthesia the pa- 
tients had been given. All patients were interviewed 
6 and 12 months after surgery with regard to their 
living conditions and walking ability. 


Preoperative Evaluation and Anesthetic Techniques 


Preoperative chest x-ray, 12-lead ECG, and blood 
chemistries (hemoglobin, hematocrit, electrolytes, and 
arterial blood gas tensions while breathing room air) 
were obtained in all patients. 

Dextran 70 as antithrombotic therapy was started 
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before surgery. Premedication was 25-50 mg meper- 
idine approximately 30 min before induction of anes- 
thesia. In the epidural group, standard loss of resist- 
ence technique was used to identify the epidural space 
of L3—-L4 or L4—L5 and a catheter inserted. After a 5- 
ml test dose of prilocaine (20 mg/ml) with epinephrine 
(5 ug/ml), a bolus dose of the same agent was ad- 
ministered based on age and weight (total mean vol- 
ume 12.5 ml, range 9-21 ml). If necessary, an addi- 
tional dose of either prilocaine or bupivacaine (5 mg/ml) 
with epinephrine, at half the initial volume, was given 
through the epidural catheter 75 min later. The epi- 
dural catheter was removed as the patient left the 
operating room. 

In the general anesthesia group, anesthesia was 
induced with thiopental 3—4 mg/kg IV after preoxgen- 
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Table 2. Postoperative Complications 
Epidural analgesia Halothane anesthesia Grand total 
(n = 28) (n = 29) (n = 57) 

Number Percentage Number Percentage Number Percentage 
taas ep a ee 
Confusion 14 50 11 38 25 44 
Mental depression 3 11 3 10 6 14 
Urinary incontinence 6 21 5 17 ļi 19 
Urinary retention 5 18 6 21 11 19 
Urinary catheter more than 21 75 14 48* 35 6] 

12 hr postoperatively 
Urinary tract infection 9 32 7 24 16 28 
Urosepsis 1 4 — — 1 2 
No urinary problems 3 11 9 31 12 21 
Decubitus ulcer 3 11 5 17 8 14 
Stroke 3 11 — ~ 3 5 
Feeding problems 1 4 1 3 2 4 





“Significantly less common than in the epidural group (P < 0.05). 


ation and 0.25-0.5 mg atropine IV. Tracheal intuba- 
tion was performed after succinylcholine 1 mg/kg IV, 
after which respiration was mechanically controlled 
until the completion of surgery. Halothane was ad- 
ministered as required in nitrous oxide/oxygen (50/50) 
using a nonrebreathing system. Muscle relaxation was 
provided with a succinylcholine infusion (1 g in 500 
ml 5% dextrose in water). End-tidal carbon dioxide 
tension was monitored and kept at normal levels. The 
V5 ECG was continuously monitored during anes- 
thesia. Extubation was performed in the operating 
room and all patients were moved to the recovery 
room. 

In both groups, a perioperative arterial specimen 
for measurement of gas tensions was drawn during 
steady-state anesthesia. Hypotension (more than 30% 
below preanesthetic noninvasive systolic control lev- 
els) was in the halothane group treated primarily with 
crystalloids and/or change in depth of anesthesia. In 
the epidural group with crystalloids, incremental IV 
doses of 5-10 mg ephedrine were given if necessary 
to treat hypotension. 


Surgical Technique 


If necessary, the fracture was reduced under biplane 
fluoroscopy. For fixation, either hookpins (21,22) or 
von Bahr screws (23) were used. In two patients with 
fractures close to the trochanteric area, fixation was 
achieved with a sliding screw and a plate. 


Postoperative Care 


Patients were kept in the recovery room for 4 hr and 
then sent to the orthopedic ward. Arterial samples 
were drawn with the patients breathing room air 30 


Table 3. Mean Maximal Reduction in Systolic Blood 
Pressure Recorded During Anesthesia 


Percentage reduction 
from preanesthetic control 


37 + 13 
30 + ¥ 





Epidural (n = 28) 
Halothane (1 = 29) 


"P < 0.05 compared with the epidural group. 


min and 4 hr postoperatively and on the first, third, 
and seventh postoperative days. Clinical complica- 
tions were recorded as shown in Table 2. The occur- 
rence of postoperative pulmonary embolism, cardiac 
failure, and/or pneumonia was also noted. If possible, 
patients were mobilized on the first postoperative day. 


Statistics 


The x*-test, one-way analysis of variance, multiple 
regression analysis, and the Wilcoxon and Mann- 
Whitney tests were used for the statistical analyses of 
the results, which are presented as the means + SD. 
A P value of less than 0.05 was regarded as statistically 


significant. 


Results 


The two groups were comparable with regard to age, 
sex, preexisting diseases, and preoperative medica- 
tions (Table 1), except for drugs with anticholinergic 
effects, which were used significantly more frequently 
in the epidural group (P < 0.05). No differences be- 
tween the groups were found in any of the preop- 
erative laboratory tests or ECG and chest x-rays. Forty- 
two of the patients (74%) were operated on within 36 
hr of sustaining their fractures. The majority of the 
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Table 4. Changes in Systolic Blood Pressure during Anesthesia 


Greater than 30% 
reduction for longer 


Greater than 30% 
reduction throughout 





Less than 30% reduction for less than 15 min but anesthesia, not responding 
reduction than 15 min responding to treatment to treatment 
Epidural (n = 28) 10 5 9 4 
5 oo 


Halothane (n = 29) 16 8 





remaining patients were operated on within 72 hr. 
The mean operating time was similar in the two groups 
(general anesthesia 31 + 10 min, epidural analgesia 
35 + 10 min). Intraoperative blood loss was minimal 
except for three patients who had 300-400 ml blood 
loss. The magnitude of perioperative hypotension was 
significantly greater in the epidural group (Table 3). 
The duration of hypotension was, however, not sta- 
tistically different between the groups (Table 4). 

Five patients (three epidural, two general anes- 
thesia) developed mental confusion after initial test- 
ing but before anesthesia and surgery; the confusion 
persisted after surgery. These patients were obviously 
confused preoperatively, and their behavior as noted 
by doctors and nurses on the orthopedic and anes- 
thetic wards was the same preoperatively as it was 
postoperatively when the mental] testing was per- 
formed. Of the remainder, 13 patients became con- 
fused on the first postoperative day. Another seven 
patients developed confusion within the first week. 
There was no statistically significant difference in the 
incidence of confusion between the two anesthetic 
groups (11/29 in the halothane group and 14/28 in the 
epidural group) (Table 2). 

Although there were no differences in the mean 
values of the preoperative blood gas tensions, 13 pa- 
tients were hypoxemic when the first arterial blood 
sample was drawn; seven of them were later piven 
general anesthesia and six given epidural anesthesia 
had arterial oxygen tensions below 8 kPa = 60 mm 
Hg. Perioperative arterial oxygen tension was signif- 
icantly higher in the halothane group administered 
50% oxygen. In the epidural group; intraoperative 
and postoperative blood gas tensions were not dif- 
ferent from the preoperative values and no differ- 
ences were observed between patients with or with- 
out confusion (Fig. 2). In the halothane group, patients 
who developed postoperative confusion had had sig- 
nificant decreases in arterial oxygen tension 30 min 
after anesthesia; the values then gradually returned 
to normal over the first postoperative week. Patients 
from both groups without postoperative confusion 
had no significant changes in arterial oxygen tensions 
during the study period. There was no difference in 
arterial oxygen tensions between patients with con- 


fusion in the two anesthetic groups. Fourteen of the 
patients given general anesthesia and ten of the epi 
dural patients had arterial oxygen tensions below & 
kPa (60 mm Hg) at 30 min and/or 4 hr postoperatively. 

Three of the epidural patients developed signs o: 
stroke on the first postoperative day compared witt 
none in the general anesthesia group. In one patient, 
who also had a previous history of cerebrovascula) 
disease, this complication could be attributed to in. 
traoperative hypotension. This patient had for 45.mir 
a reduction in systolic blood pressure of more thar 
30%. below baseline levels, 160 mm Hg. 

Although the use of urinary bladder catheterizatior 
for more than the first 12 postoperative hours wa: 
significantly more frequent in the epidural group (F 
< 0.05), urinary tract infections weré not more com: 
mon in this group (Table 2). ` 

Regression analysis did not reveal any correlatior 
between mental confusion and age, preexisting non: 
mental diseases, hypotension, or- anesthetic tech: 
nique. In contrast, there was a close correlation be 
tween development of mental confusion and a history 
of mental depression (P < 0.01). On admission, reg 
ular and daily medication with antidepressants and/o: 
neuroleptics correlated with development of menta 
confusion (P < 0.0005 and P < 0.05, respectively) 
When all regular medications with drugs with anti 
cholinergic effects were considered, there was also < 
close correlation with postoperative confusion (P < 
0.005). The drugs with anticholinergic effects were, 
in addition to antidepréssants and neuroleptics, 
sleeping pills and perorally used anticholinergics fo: 
treatment of urinary incontinence. When patients 
treated with anticholinergic medications were ex. 
cluded, there was still no correlation between anes: 
thetic technique and confusion. In the general anes 
thesia group, confusion correlated with early 
postoperative hypoxemia (P < 0.05) (Fig. 2). 
~ In the epidural group, during the postoperative 
period two patients were treated for pulmonary em: 
bolism, two were treated for cardiac failure, and one 
was treated for pneumonia. In the halothane group, 
two patients were treated for postoperative preu 
monia. 

There was no difference in duration of hospital stay 
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between the two anesthetic groups. Fatients who de- 
veloped mental confusion had significantly longer pe- 
riods of hospitalization on the orthopedic ward (mean 
value 24.5 vs 13.2 days, P < 0.01). Twelve percent of 
patients without mental confusion were transferred 
to a geriatric rehabilitation center as compared with 
54% of patients with confusion. The mean total du- 
ration of hospital stay related to the fracture, during 
the 1-yr observation period for previously nonhos- 
pitalized patients, was 77 days (range 8-365) and 22 
days (6-161) in the confused and nonconfused pa- 
tients, respectively (P < 0.0001). 

The total 1-yr mortality was 7% (4/57). One con- 
fused patient (92 yr of age) in the epidural group died 
of circulatory failure on the first postoperative day. 
The three remaining patients (all older than 84 yr), 
one of whom had postoperative confusion, died some 
5 months postsurgery. 


Discussion 


The most striking finding in the present study was 
the high incidence of postoperative mental confusion 
with the associated prolonged duration of hospital 








30 min 4h 24 b 
POSTOP 


Figure 2. Pre-, peri-, and postoperative 
arterial oxygen tensions in patients op- 
erated on for femoral neck fracture un- 
der halothane anesthesia (n = 29) or epi- 
dural analgesia (n = 28). In patients 
anesthetized with halothane, postoper- 
ative confusion (n = 11) correlated with 


early postoperative hypoxemia (P < 0.05). 
Results are means + SD. 
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stay in both groups. Despite the selection of patients 
without signs of mental confusion or dementia on 
admission and the use of short operative procedures, 
35% (20/57) developed confusion during the first post- 
operative week. In another five patients (9%), con- 
fusion appeared before and persisted after surgery. 
There was no difference in the incidence of postop- 
erative mental confusion between patients having 
epidural and general anesthesia (14/28 and 11/29). The 
absence of a significant difference in the incidence of 
confusion in these two groups of patients does not 
exclude the possibility that a more extensive study 
might have defined the presence of a statistically sig- 
nificant difference. 

Our results do not agree with those of Hole et al. 
(15), who compared patients having elective hip re- 
placement surgery under epidural analgesia or nar- 
cotic anesthesia. These authors could not demonstrate 
that any of their 29 patients operated on under epi- 
dural analgesia had signs of postoperative mental de- 
terioration. In comparison, they found seven of 31 
patients given a general anesthetic had significant 
postoperative mental changes. They ascribed the dif- 
ference between the groups mainly to hypoxemia fol- 


ig 
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lowing general anesthesia. In the present study, con- 
fusion following general anesthesia correlated with a 
significant reduction of arterial oxygen tension values 
from the pre- to the early postoperative period. In 
contrast to Hole et al. (15), we found a high incidence 
of postoperative confusion in patients who had been 
operated upon under epidural analgesia. Patients with 
confusion in the epidural group did not have any 
reduction in arterial oxygen tension postoperatively. 
Thus, hypoxemia was not the only cause of postop- 
erative confusion among our patients. 

Consistent with previous studies comparing re- 
gional and general anesthesia, in comparable patients 
(10,24) spinal anesthesia was associated with a sig- 
nificantly greater intraoperative decrease in arterial 
blood pressure than halothane or narcotic anesthesia. 
Although three of our patients developed a stroke 
after epidural anesthesia, only one of them had a more 
than 30% reduction in systolic blood pressure. We 
could find no correlation between the magnitude or 
duration of hypotension and the incidence of post- 
operative confusion. 

The most important predictor for postoperative 
mental confusion in the present patient material was 
regular use of drugs with anticholinergic effects (P < 
0.005 by multiple regression analysis). Ten of 13 pa- 
tients who were taking such drugs regularly at the 
time of admission developed postoperative confu- 
sion. More patients were receiving anticholinergic 
medication in the epidural group at the time of ad- 
mission than in the halothane group (ten vs three). 
The incidence of anticholinergic-related confusion was, 
however, no different between the two anesthetic 
techniques (eight of ten versus two out of three). When 
patients on anticholinergic medication were excluded, 
there was still no difference in the incidence of post- 
operative confusion between the anesthetic groups. 
A correlation between plasma anticholinergic levels 
and postoperative confusion was previously de- 
scribed in a small number of patients having open 
heart surgery (16). Furthermore, there is a poor cor- 
relation between drug dosage and plasma anticholin- 
ergic levels (25). Low doses could result in high plasma 
levels in individual patients. Elderly patients have 
decreased central nervous system (CNS) concentra- 
tions of cholinergic fibers in their brain (26) and may 
thus be more susceptible to low-dose anticholinergic 
medication. Ten patients in our study had mental 
depression on admission. Eight of them, all taking 
drugs with anticholinergic side effects, developed 
postoperative confusion (P. < 0.0005). Patients with 
mental depression are known to have lawer levels of 
CNS neurotransmitter substances, which might pre- 
dispose to confusion (27). Accordingly, it is impos- 
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sible to distinguish between depression per se and 
associated medication as the dominant risk factor for 
the development of confusion. 

The low 1-yr mortality (7%) in our study is com- 
parable to that found in other studies of similar pa- 
tients (28,29). There was no significant difference in 
the incidence of any postoperative complications in 
the two anesthetic groups (Table 2). However, con- 
fused patients were represented to a substantially 
higher degree among those who developed postop- 
erative complications. Urinary tract infection in the 
postoperative period occurred in 16 patients, 14 of 
whom were confused. Incontinence was seen in 11 
patients; of these, ten were confused. Pressure sores 
developed in eight confused patients. Postoperative 
mental confusion resulted in delayed mobilization and 
three- to four-fold longer durations of hospitalization. 
Confusion following surgery for hip fractures is thus 
associated not only with undesirable humanitarian 
but also undesirable economic consequences. 

In our study, we have defined early postoperative 
hypoxemia and preoperative regular use of drugs with 
anticholinergic activity as two important contributing 
factors associated with postoperative mental confu- 
sion. Hypoxemia, if recognized, may be easily avoided. 
Although cholinergic drugs such as physostigmine 
are effective in producing temporary alertness in pa- 
tients with anticholinergic drug overdosage (30,31), it 
remains to be seen whether postoperative confusion 
can be prevented or reversed by therapy along these 
lines. 
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An epigastric impedance technique was used to measure 
gastric emptying in nonpregnant women, women in the 
third trimester of pregnancy, and women within 60 min of 
delivery. The basis of the technique is the increase in epi- 
gastric impedance after the ingestion of a nonionic fluid. 
The subsequent decline in impedance is used as a measure 
of gastric emptying. The impedance epigastrograph used 
consisted of a four-electrode array (two source, two detector) 
that was applied over the epigastrium. The method was 
sufficiently sensitive to measure the effects of pregnancy, 
labor, and narcotics on gastric emptying. There was no 
difference in the rate of gastric emptying between pregnant 


Gastric factors in determining the risk of developing 
Mendelson’s syndrome (1) include a low intragastric 
pH and a large residual volume. Because gastric emp- 
tying is believed to be significantly delayed during 
labor, oral intake during labor is generally discour- 
aged. Although there have been significant advances 
in the methods of assessment of gastrointestinal se- 
cretion, motility, electrical activity, and peptides, these 
techniques have not been applied during pregnancy. 
A reassessment of gastric activity during pregnancy 
and labor might permit a more rational approach to 
the use of oral hydration or drug administration in 
parturients. 

Many factors mitigate against the easy assessment 
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and nonpregnant females. Labor appeared to cause a sig- 
nificant delay in gastric emptying; the mean + SEM time 
taken for the gastric volume to decrease to 50% (Tos) was 
7.2 + 0.6 min during pregnancy and 13.0 + 1.9 min in 
the immediate postpartum period. However, the princtpal 
factor associated with the delay in gastric emptying in the 
group studied within 60 min of deltvery was probably the 
use of meperidine and promethazine, because there was a 
significant difference (P < 0.05) between subjects who re- 
ceived meperidine and promethazine during labor and those 
in another group who had recetved either no analgesia or 
extradural analgesia, the To.s values for the two groups being 
18.2 + 4.0 and 10.3 + 1.4 min, respectively. 


Key Words: ANESTHESIA—obstetric. GASTRO- 
INTESTINAL TRACT—stomach. MEASUREMENT 
TECHNIQUES—epigastrography. 


of gastric emptying during pregnancy and labor. X- 
ray and scintigraphic techniques are ethically unjus- 
tifiable in pregnant women. Dye dilution and large 
volume serial meal techniques require nasogastric in- 
tubation, and in the past such studies during preg- 
nancy have resulted in poor patient compliance (2,3), 
in addition to which nasogastric intubation might it- 
self alter the dynamics of gastric secretion and emp- 
tying. Potentially ideal methods of measuring gastric 
emptying during pregnancy would be simple, safe, 
and noninvasive. Although the relatively simple par- 
acetamol absorption method has been applied during 
labor (4), itis only an indirect method of measurement 
that depends on the complete absorption of parace- 
tamol from the upper small intestine, thus leaving 
gastric emptying to determine the rate of absorption. 
Of the newer direct, noninvasive techniques for mea- 
suring gastric emptying, real time ultrasound (5) and 
impedance techniques (6) seem appropriate for use 
during pregnancy. Both techniques require the 
administration of a relatively large volume of liquid 
so that neither is ideal for studies during labor, but 
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the assessment of the rate of emptying immediately 
after delivery of the fetus and placenta might be a 
suitable alternative. 

This study evaluates the use of a noninvasive epi- 
gastric impedance technique for measuring gastric 
emptying during the third trimester of pregnancy and 
immediately postpartum. 


Materials and Methods 


The study was approved by the local Research and 
Ethics Committee and all the women gave informed 
consent. An epigastric impedance technique was used 
to measure gastric emptying in three groups of women: 
1) 15 nonpregnant controls of child-bearing age, 2) 30 
women late in the third trimester of pregnancy, and 
3) 23 women within 60 min of delivery. No patient 
had a history of gastrointestinal disease. In the preg- 
nant patients heartburn was not a criterion for exclu- 
sion. Labor had been induced in all subjects studied 
immediately after delivery. Indications for induction 
included postterm pregnancies, intrauterine growth 
retardation, and increased blood pressure at or near 
term. In 14 patients prostaglandin pessaries (PGE; in 
a glyceride based pessary) were used on the morning 
of induction to aid dilation of the cervix. After am- 
niotomy labor was augmented with intravenous ox- 
ytocin if required. The women in groups 1 and 2 fasted 
for at least 4 hr before the study whereas the women 
studied after delivery had a light breakfast on the 
morning of induction and sips of water during labor. 
In the latter patients the study was performed within 
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Figure 1. Equipment used to measure 
gastric emptying by the impedance tech- 
nique. 


60 min of the delivery of the baby and the placenta. 
Analgesia of the patient’s choice (which included ex- 
tradural 0.5% bupivacaine plain, intramuscular me- 
peridine, 100 mg, and 25 mg promethazine or pre- 
mixed nitrous oxide-oxygen) was used as required 
during labor. 


Epigastric Impedance Technique 

Figure 1 illustrates the equipment used. Adhesive sil- 
ver/silver chloride electrodes (Hewlett Packard, type 
14445A) were positioned as follows: an input elec- 
trode was placed one third of the distance along a 
line (XU) from the xiphisternum to the centre of the 
umbilicus (XU/3), a recording electrode was placed an 
equal distance further caudally (2XU/3) and laterally. 
On the back a recording electrode position remained 
at the XU/3 level but XU/2 to the left of the midline 
while an input electrode level was at 2XU/3 and XU/6 
to the left (Fig. 2). These points were marked with a 
tape measure while the subjects were standing. Oc- 
casionally adjustments of the measurements for po- 
sitoning the electrodes were required in pregnant 
women wizh very large abdomens, and in these women 
the positicns were judged by eye. 

A constant 2mA, 100 KHz AC current was applied 
through the pair of input electrodes while the other 
pair recorded changes in voltage. The studies were 
performed with the patients sitting and, to prevent 
artefacts, speaking and excessive movements were 
forbidden during the study. Circuitry is described in 
Figure 3 and includes isolation circuitry for patient 
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Figure 2. Position of electrodes for measurement 
of gastric emptying by the impedance technique. 
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safety. Low pass filtering (— 3dB at 0.1 Hz) excluded 
cardiac, but not respiratory, signal interference. An 
offset voltage control allowed for differences in basal 
body impedances. The output signal was recorded on 
a Bryans 28000 flatbed chart recorder with a paper 
speed of 5 mm/min. 

The subjects drank 500 ml of water or diluted orange 
concentrate at room temperature over a 2 min period, 
although in some of the postpartum patients up to 3 
min was required to drink the fluid. The deflection 
height of gastric filling above the baseline was mea- 
sured by ruler and designated 100%. The times taken 
to reduce to 70%, 50%, and 30% of the original de- 
flection were calculated (Fig. 4) giving values for To.7, 
Tos, and To. respectively. A one-way analysis of var- 
iance followed by Duncan’s multiple range tests was 
used to compare the results of the three groups. 


Results 


Mean + SEM age, weight, and height of the volunteers 
and the women in the third trimester of pregnancy 
were 28.6 + 1.1 yr, 58.6 + 2.0 kg, and 1.7 + 0.01 m, 
and 26.3 + 1.1 yr, 74.5 + 2.0 kg, and 1.62 + 0.01 m, 
respectively. Mean age and height of the women stud- 


ied postpartum were 25.6 + 
0.01 m. 

The stomach could not be located and thus record- 
ing of emptying was not possible in 14 subjects; this 
included one volunteer, ten women in the third 
trimester group, and three women in the postpartum 
group. In two women in the pregnant group and one 
each in both the nonpregnant and the postpartum 
groups the initial change in impedance after drinking 
the liquid was not followed by a subsequent return 
to the baseline. In the postpartum group two patients 
vomited shortly after drinking the water and the re- 
cordings from two other patients were not suitable 
for analysis due to the presence of artifact caused by 
excessive patient movement (Fig. 5). After these ex- 
clusions there were 13 patients in the nonpregnant 
group, 18 patients in the third trimester group, and 
15 patients in the postpartum group. 

Table 1 gives the times to 70%, 50%, and 30% emp- 
tying of the stomach in the three groups of subjects. 
There was a statistically significant difference (P < 
0.05) between the emptying times of the patients stud- 
ied immediately after delivery and the other two 
groups. When the women studied postpartum were 
divided into groups according to the analgesia used 
during labor, the women in the group who had re- 


1.0 yr and 1.61 + 


508 ANESTH ANALG 
1987;66:505-11 


IMPEDANCE MEASURING EQUIPMENT 


t 


Subject 


2mA peak to peak 
constant current drive 


100kKHz tuner 
voltage amplifier 





Low pass fitter 
& 
Zo offset control 





100% _ 





Time (min) 


ceived meperidine and promethazine had a slower 
rate of gastric emptying than those in the group who 
received either no analgesia or extradural analgesia 
(Table 2, Fig. 6). The subjects given meperidine and 
promethazine also had a significantly longer (P < 0.05) 
emptying time than the third trimester and volunteer 
subjects. The mean + SEM time between the admin- 
istration of the meperidine and promethazine and'the 
commencement of the study was 126 + 21.1 min. 
Although the emptying times of the subjects in labor 
who had not received meperidine and promethazine 
were slightly longer than in the volunteer and preg- 
nant groups, this difference was not statistically sig- 
nificant. 


Detector to recover 


impedance changes 
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Figure 3. Circuitry of the impedance 
measuring equipment. 


Subject isolation 
amplifier 


Figure 4. Change in epigastric imped- 
ance after the administration of 500 ml 
of water to a fasting nonpregnant pa- 
tient. To.7, To.s, and To3 are the points at 
which the epigastric impedance had de- 
creased to 70%, 50% and 30% of the 
maximum deflection. 


Discussion 


The epigastric impedance method of measuring gas- 
tric emptying is a novel application of a well known 
technique used to monitor respiratory volumes and 
cardiac contractility. In principle the application to 
gastric volume measurement requires no more than 
a caudal adjustment of the electrode position. Mea- 
surements of gastric emptying using this epigastric 
impedance technique correlate significantly with dye 
dilution (7) and scintigraphic techniques (6). Epigas- 
tric impedance is particularly suitable during preg- 
nancy as it is noninvasive and precludes the use of 
xrays or radioactive materials. Furthermore, naso- 
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100%—- 


Figure 5. Change in epigastric imped- 
ance in a patient studied immediately 
postpartum. The artifacts on this re- 
cording were caused by patient move- 
ments. 


Table 1. Values for the 70%, 50%, and 30% Gastric 
Emptying Times of 500 ml of Water in Female 
Volunteers, Women in the Third Trimester of Pregnancy, 
and Women in the Immediate Postpartum Period 


Third 


Nonpregnant trimester Postpartum 
Number of subjects 15 30 23 
Number of 13 18 15 
analyzable studies 
To (min} 5.2 + 0.6 44 +05 8.8 + 1.6? 
Tos (miny 8.3 + 0.9 72206 13.0 219 
Tos (min) Tb 13 9.8 +08 15.8 +27 


‘Values are mean + SEM. 

Significant difference (P < 0.05) between subjects immediately post- 
partum and the other two groups. 

Significant difference (P < 0.05) between subjects immediately post- 
partum and the women in the third trimester of pregnancy. 


gastric intubation is avoided, thus overcoming any 
mechanical or psychological stimulation associated with 
this technique. 

The impedance epigastrograph used in this study 
was a prototype in which a standard four-electrode 
array (two source, two detector) was applied over the 
epigastrium (8). Silver/silver chloride electrodes were 
used because of their prolonged and stable electrical 
contact. The positioning of the four-electrode array, 
described above, is capable of detecting impedance 
changes consequent upon gastric filling in the vast 
majority of subjects. However, the stomach rotates 
rostrally in obese subjects and adjustments in the po- 
sition of the electrodes are necessary to detect gastric 
filling in such individuals (9). A similar rostral dis- 
placement may occur in pregnancy and could account 
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Table 2. Gastric Emptying Times in the Postpartum 
Subjects Who Had and Had Not Received 


Opiate Analgesia 

No analgesia 

or extradural Meperidine and 

analgesia promethazine P value 
Number of subjects 15 8 
Number of 10 5 
analyzable studies 

To.7 (miny 6.6 + 1.4 13.1 + 3.0 _ <0.05 
Tos (min) 10.3 + 1.4 18.2 + 4.0 <0.05 
To.s (miny PD Benne Fs, 21.8 + 5.6 <0.05 


Values are mean + SEM. 


for the lack of impedance changes in some of the 
women late in the third trimester of pregnancy. Per- 
haps if the number of electrodes were increased, 
thereby increasing the area of epigastrium evaluated, 
the number of subjects in whom the stomach is 
“missed” would be reduced. Impedance topography, 
developed by Brown et al., has a ring of electrodes 
around the trunk (10) and although this system re- 
quires complex and expensive equipment to process 
the impedance changes, gastric filling is invariably 
detected. . 

The simplicity and portability of the impedance epi- 
gastrograph, although an advantage in terms of clin- 
ical applications, renders it susceptible to moyement- 
induced artefacts. Minor limb movements cause only 
transient changes in impedance traces, but deep res- 
pirations and changes in body position can signifi- 
cantly and permanently alter the baseline impedance 
level and thus may invalidate a recording. In general, 
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excessive movements by the patients were not a prob- 
lem except in the postdelivery studies when factors 
such as a painful episiotomy site made prolonged 
sitting uncomfortable. A further limitation of the 
method at present is the relatively large volume of 
fluid required to produce deflections suitable for 
quantitative analysis. This precluded use of the tech- 
nique during labor and thus, as a compromise, women 
in the immediate postpartum period were studied. 
The results of this study indicate that pregnancy 
does not significantly alter the emptying time of a 
large volume of liquid from the stomach. Women in 
the third trimester had half emptying times similar to 
those in the nonpregnant control group. The women 
studied in the immediate postpartum period had a 
significantly slower rate of emptying than both the 
pregnant and nonpregnant women, which suggests 
that labor is probably associated with a slowing of 
gastric emptying. However, because of the intrinsic 
complexity of labor and the use of a wide variety of 
pharmacologic agents during labor, the interrelation- 
ships of the influences on gastric emptying occurring 
at this time cannot be easily defined. In this study, 
because ethical considerations required that women 
could only be studied after delivery, factors such as 
delivery or the use of forceps may also have influ- 
enced the rate of gastric emptying. Of the drugs com- 
monly used during labor it is the opiate analgesics 
that are known to have the most marked effect on the 
smooth muscle of the gastrointestinal tract (11), and 
in this study the subjects who had received meperi- 
dine and promethazine in labor had a significantly 
slower rate of gastric emptying, the mean Ty; being 
18.2 min compared with a mean To.s of 10.3 min for 
the group who had received either extradural or no 
analgesia during labor. The women who did not have 
meperidine and promethazine during labor had rates 
of gastric emptying similar to both nonpregnant con- 
trols and women in the third trimester of pregnancy. 
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Figure 6. Change in epigastric imped- 
ance in a postpartum subject who had 
received 100 mg meperidine and 25 mg 
promethazine during labor. 


20 


Previous studies on gastric emptying during preg- 
nancy and labor generally support the present find- 
ings. Hunt and Murray showed that pregnancy had 
no effect on the volume of gastric contents remaining 
in the stomach 10 min after the ingestion of a 750 ml 
water or saline test “meal” (12). La Salvia and Steffen 
measured the rate of clearance of a thin barium mix- 
ture from the stomach in women in late pregnancy 
and during labor. Pregnancy was not found to alter 
gastric emptying, but the administration of 100 mg 
meperidine and 0.4 mg scopolamine to both groups 
caused a more marked delay in gastric emptying dur- 
ing labor than in the third trimester, indicating an 
effect of labor in addition to the effect of the drugs 
(13). In another x-ray study of ten women in labor 
who had received no analgesia, two women had de- 
layed evacuation of barium from the stomach (14), 
although in a similar study in which the use of an- 
algesia was not documented only one patient in a 
series of 12 showed any delay of gastric emptying 
(15). Similar results were seen when the rate of gastric 
emptying was estimated indirectly from the kinetics 
of absorption of orally administered paracetamol (4,16). 
One study showed that the mean plasma paracetamol 
level 45 min after ingestion was 18.0 ug/ml in earty 
labor, 12.0 ug/ml during established labor, and 1.9 
ug/ml in subjects who received opiates during labor. 
Because paracetamol is mainly absorbed from the up- 
per small intestine the delay in absorption indirectly 
reflects a delay in gastric emptying. 

Using a double sampling, dye-dilution method (17) 
Davison et al. found no change in the half-life of emp- 
tying nor in the mean volume of gastric contents 30 
min after the start of the study in women in late preg- 
nancy. However, there was a delay in the time until 
the stomach was totally evacuated. During labor both 
the total and half-life of emptying were delayed in 
women who had received no analgesics, and in ad- 
dition, the pattern of emptying was altered (18). These 
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latter results do not necessarily contradict the pre- 
vious studies but probably reflect the greater number 
of parameters used to evaluate gastric emptying. 
Howard and Sharp, who also used the double sam- 
pling, dye-dilution technique, demonstrated that 10 
mg intramuscular metoclopramide accelerates gastric 
emptying during labor, but in their study there was 
no control group and no distinction was made be- 
tween parturients who had and had not received me- 
peridine (19). 

In this study the rate of gastric emptying in the 
postpartum patients was significantly delayed by the 
administration of pethidine and promethazine. Be- 
cause previous studies of gastric emptying during la- 
bor indicate that labor alone causes a minimal delay 
in gastric emptying that is only prolonged by the use 
of opiate analgesia (4) this suggests that some fluid 
could be taken orally during normal labor. However, 
as the impedance technique does not always permit 
the measurement of the rate of emptying of the final 
20-30% of the administered fluid, this present study 
cannot definitively answer the question of the appro- 
priateness of oral intake. The delay in gastric emp- 
tying that appeared to be associated with the use of 
meperidine and promethazine in this study means 
that women given meperidine during labor should 
have their oral intake restricted. This conclusion is 
supported by a study (20) in which the volume of 
gastric contents was measured both in women 
undergoing elective cesarean section and in women 
in labor requiring cesarean section. The largest mean 
intragastric volumes (122.3 + 13.2 ml) were found in 
women who had received meperidine during labor, 
whereas the mean + SEM volume in those who had 
received no analgesia during labor was 67.9 + 9.6 ml. 

In conclusion, a simple, noninvasive epigastric 
impedance technique is sufficiently sensitive to elu- 
cidate the effects of pregnancy and labor on gastric 
emptying and thus is suitable for the assessment of 
gastric emptying during pregnancy and, more gen- 
erally, in the perioperative period. 
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NIGROVIC V, KLAUNIG JE, SMITH SL, SCHULTZ NE. 
Potentiation of atracurium toxicity in isolated rat 
hepatocytes by inhibition of its hydrolytic degradation 
pathway. Anesth Analg 1987;66:512—. 


This study tested the hypothesis that the esters of acrylic 
acid might be responsible for the previously observed cytc- 
toxic effect of atracurium. Rats were pretreated with trior- 
thotolyl phosphate (TOTP), an inhibitor of the hydrolytic 
degradation of atracurium. Because hydrolysis of acrylates 
is also inhibited by TOTP and because the hydrolysis rep- 
resents a detoxification pathway for these esters, we pos- 
tulated that the leak of lactic dehydrogenase (LDH) induced 
by atracurium would be enhanced in hepatocytes harvested 
from rats pretreated with TOTP. Hepatocytes isolated from 


The generation of esters of acrylic acid from atracu- 
rium in vivo has raised a question of their possible 
undesired effects (1). This concern was based on the 
high chemical reactivity of acrylates toward nucleo- 
philes. This suspicion was recently substantiated (2) 
by demonstrating that atracurium, when incubated 
with rat hepatocytes for 4 hr, produced a concentra- 
tion-dependent leakage of lactic dehydrogenase (LDH). 
The study of Nigrovic et al. did not elucidate the 
mechanism leading to this cytotoxic effect. Although 
other metabolic products were considered, acrylates 
were suggested as the likely toxic agents. The present 
study was conducted to narrow the choice among the 
candidates possibly responsible for the enzyme leak. 
We reasoned that the postulated toxic effects of ac- 
rylates would become more evident if Hofmann elim- 
ination was made the dominant degradation pathway 
of atracurium. To accomplish this goal, we pretreated 
rats with triorthotolyl phosphate (TOTP) to inhibit 
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rats previcusly treated with TOTP (25 or 50 mg/kg intra- 
peritoneally, 20 hr before induced death) were incubated 
for 4 hr in the absence of muscle relaxants or in the pres- 
ence of either atracurium (0.008—-0.8 mM) or metocurine 
(0.015-0.85 mM). Atracurium produced a concentration- 
dependent leakage of LDH. The leakage out of cells obtained 
from TOTP -pretreated rats was greater than was the leakage 
cut of hepatocytes harvested from animals pretreated only 
with corn oil (a vehicle for TOTP). Metocurine did not 
produce a leak of LDH. It is concluded that the LDH leakage 
was produced by ester-type products of atracurium degra- 
dation. Acrylates appear to be the toxic agent. 


Key Words: NEUROMUSCULAR RELAXANTS— 
atracurium. 


enzyme-catalyzed hydrolysis of atracurium (3). The 
decreased rate of enzyme-catalyzed hydrolysis might 
be expected to leave more atracurium to be degraded 
by Hofmann elimination and hence, to lead to an 
increased formation of acrylates. The rate of hydrol- 
ysis of acrylate esters is also expected to be diminished 
by this treatment (4). As a working hypothesis, we 
postulated that the inhibition of enzyme-catalyzed 
hydrolysis would increase the leakage of LDH from 
hepatocytes incubated in the presence of atracurium. 
In some experiments metocurine was used as a neg- 
ative control. This relaxant was selected because it is 
a bis-quaternary compound chemically similar to atra- 
curium (5) but is not susceptible to either Hofmann 
elimination or ester hydrolysis. 


Methods 


Male Wistar rats (70-170 g body weight) were treated 
with TOTP (25 or 50 mg/kg intraperitoneally, diluted 
in corn oil, total injected volume 2 ml/kg) 20 hr before 
their liver cells were harvested. Control rats were 
treated with only corn oil. Isolation and culture of the 
hepatocvtes were performed as previously described 
(2) usinge methods modified from Klaunig et al. (6.7). 


CYTOTOXICITY OF ATRACURIUM 


Briefly, in rats anesthetized with sodium pentobar- 
bital (65 mg/kg intraperitoneally), the abdominal cav- 
ity was surgically opened and the liver perfused in 
situ via the portal vein in two stages. Perfusion with 
Hank’s solution was carried out first and was followed 
by perfusion with L-15 medium containing collagen- 
ase (type IV). Viability of the isolated cells was esti- 
mated by the trypan blue exclusion test. Only isolates 
with viability >85% were used in subsequent studies. 
The cells were plated onto 60-mm culture dishes (10° 
cells per dish) in 3-ml L-15 medium supplemented 
with gentamicin (25 ug/ml), fetal bovine serum (10%), 
glucose (1 mg/ml), and dexamethasone (1 x 10 e M). 
The dishes were incubated for 2.5 hr (36.5°C, air at- 
mosphere, 100% relative humidity) to allow the cells 
to attach to plastic dishes. After attachment, the me- 
dium was discarded and the attached cells were washed 
once with L-15 medium. Fresh L-15 medium was then 
added. Commercial solutions of atracurium or met- 
ocurine were added (always <500 pl) to achieve the 
desired concentration in a total incubation volume of 
5 ml. The final concentrations of the relaxants were 
identical to those in the previous study (4). In every 
experiment each concentration of each muscle relax- 
ant was tested in three dishes. Additional culture dishes 
containing hepatocytes were included in each exper- 
iment; one set of three dishes served to determine the 
leak of LDH in the absence of relaxants, and the other 
set was used to measure the total amount of LDH in 
the culture medium after the lysis of cells with Triton 
X-100 (50 pl). All incubations were carried out in an 
incubator (36.5°C, air atmosphere, 100% relative hu- 
midity) for 4 hr after the addition of the relaxants. At 
the end of incubation the medium was removed and 
filtered. The activity of LDH in the medium was de- 
termined spectrophotometrically (Beckman Multistat 
Autoanalyzer). A total of 15 experiments were per- 
formed; six rats were pretreated with oil only, three 
with the lower dose of TOTP (25 mg/kg) and six with 
the higher dose (50 mg/kg). The sources of the chem- 
icals were: TOTP from Eastman Kodak Co., Roches- 
ter, NY; atracurium besylate (Tracrium) from Bur- 
roughs Wellcome Co., Research Triangle Park, NC; 
metocurine iodide (Metubine) from Eli Lilly and Co., 
Indianapolis, IN. Other chemicals were purchased from 
Sigma Chemical Co., St. Louis, MO. 
The net leak of LDH produced by a relaxant was 
defined as 
(LDH in treated dish 
— LDH in untreated dishes) < 100 
(maximal LDH — LDH in cell-free medium) i 
(1) 


where LDH refers to the LDH activity in the medium 
collected from a dish exposed to a relaxant (“treated 
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Table 1. Net LDH Leak during the Incubation of Rat 
Hepatocytes with Metocurine 





TOTP (mg/kg intraperitoneally) 


25 50" 
Metocurine (M °“) (n = 3) (n = 6) 
11.9 0.35 -0.46 + 1.34 
Se 0.31 -0.61 + 1.17 
111.1 0.14 +0.51 + 1.27 
353 0.30 0,06. + 1:35 
851 — 1.01 -2.13 + 1.16 





“Values given as percentage. Because of the small number of experiments 
only the mean values are presented. 
"Values given as percentage. 


dish”) and the average of LDH activity from three 
control dishes (“untreated dishes”). The denominator 
in Equation 1 represents the total LDH activity that 
was present in hepatocytes incubated in a single dish. 
This value was calculated by subtracting the LDH 
activity in the cell-free medium (“LDH in cell-free 
medium’) from the mean LDH activity in culture me- 
dia collected from three dishes with cells lyzed with 
Triton X-100 (“Maximal LDH”). The lower limit for 
the net leak of LDH is 0%, if the relaxant did not 
increase the leakage of LDH above that observed in 
untreated dishes. The higher limit is 


(maximal LDH — LDH in untreated dishes) 


ee CX «100, 
(maximal LDH — LDH in cell-free medium) 


(2) 


if the relaxant caused a release of all intracellular en- 
zyme. A two-way analysis of variance was performed 
on the atracurium data obtained from rats pretreated 
with corn oil and the higher dose of TOTP (50 mg/kg) 
to estimate separately the influence of the two main 
factors, namely, the concentration of atracurium and 
the treatment with TOTP, as well as their interaction. 
Data are presented as mean + SEM. 


Results 


The addition of metocurine or atracurium to culture 
media did not alter either the hydrogen ion activity 
of the culture medium (pH 7.4) or the measurement 
of LDH activity in the medium (data not presented). 

Leakage of LDH from hepatocytes incubated in plain 
culture medium, that is, when no relaxants were pres- 
ent, was independent of the TOTP dose. On the av- 
erage, 10.1 + 1.0 and 9.9 + 1.0% of the total intra- 
cellular LDH leaked out during the 4-hr incubation 
period from untreated hepatocytes harvested from six 
rats pretreated with oil and nine pretreated with TOTP, 
respectively. According to Equation 2, the leakage 
of LDH from untreated hepatocytes sets the higher 
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Table 2. Net LDH Leak during the Incubation of Rat 
Hepatocytes with Atracurium 


arse ee r NNNNUNUZġZ 
TOTP 


(mg/kg intraperitoneally) 


Atracurium tg Ly 50! 

(M °) (n = 6) (n = 3) (n = 6) 
8.1 —0.44 + 0.56 3.47 3:52 + 0.53 
23:5 1.10 + 0.34 8.59 7.60 + 0.60 
80.6 4.12 + 0.90 14.97 16.03 + 1.16 

255 10.78 + 1.99 30.1 AT E2 

439 20.0 + 2.7 53.0 44,2 2 3.3 

623 $2.6 = 23 71.0 INI 23.3 

807 a7. 4.23 81.5 84.9 + 2.7 


. 
f 
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"Values given as percentage. 
"Values given as percentage. Because of the small number of experiments 
only the mean values are presented. 


limit for the net leak of LDH induced by a relaxant to 
approximately 90%. 

Incubation of hepatocytes with various concentra- 
tions of metocurine did not produce a net leak of LDH 
(the values do not differ from 0%). The findings for 
both doses of TOTP were similar (Table 1). 

In contrast (Table 2), the presence of atracurium in 
the culture medium resulted in a net leak of LDH 
(P < 0.01). Each concentration of atracurium, except 
the lowest one in rats pretreated only with corn oil, 
produced a positive net leak of LDH. The leak was 
greater with higher concentrations of atracurium 
(P < 0.01). Pretreatment of rats with the higher dose 
of TOTP further increased the net leak of LDH (P< 
0.01). Interaction between the effects of atracurium 
and those of the treatment with TOTP was highly 
significant (P < 0.01). The smaller dose of TOTP, tested 
in only three rats, produced results similar to those 
produced by the larger dose. No statistical analysis 
was performed on these data because of the small 
number of animals studied. 


Discussion 

Reports in the literature substantiate the two basic 
premises of our study. First, a leakage of an intra- 
cellular enzyme is an appropriate quantitative expres- 
sion of injury to the isolated cells in culture. The leak- 
age is due to damage of the plasma membrane and 
the magnitude of the leak is proportional to the frac- 
tion of injured cells. Cytoplasmic LDH is deemed a 
good marker of cytotoxicity (8,9). Second, the elec- 
trophilic character of the esters of acrylic acid is be- 
lieved to be responsible for their reactivity toward 
endogenous nucleophiles (4,10). The conjugated bond 
in the parent acid is less reactive and the acid itself 
is less toxic (10,11). Urinary excretion of acrylates as 
derivatives of mercapturic acid is an additional indi- 
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cation of an antecedent in vivo interaction with tissue 
sulfhydryl compounds, specifically glutathione (11). 
Hydrolysis of the acrylate esters by carboxylesterase 
represents a detoxification pathway (4). Conse- 
quently, inhibition of carboxylesterase by TOTP is ex- 
pected to preserve acrylates and hence, enhance their 
toxicity. Except for this effect, the administration of 
TOTP was free of acute adverse effects in the treated 
rats (4). 

The results of the present study agree with an ear- 
lier report (2) that showed that the commercial prep- 
aration of atracurium produces a net leak of LDH from 
cultured rat hepatocytes and the commercial prepa- 
ration of metocurine does not. In both studies the net 
leak of LDH increased as the concentration of atra- 
curium in the incubation medium increased, although 
all experimental points obtained from rats pretreated 
with corn oil (this study) lie below the corresponding 
points obtained from rats not pretreated (2). The rea- 
son for this difference is not apparent. 

The effect of pretreating rats with TOTP on the 
leakage of LDH will be considered separately for he- 
patocytes incubated in a) the absence of muscle re- 
laxants, b) the presence of metocurine, and c) the 
presence of atracurium. 

a) As reported earlier, the leakage of LDH from 
hepatocytes incubated without muscle relaxants was 
not dependent on the dose of TOTP (0, 25 or 50 mg/kg 
intraperitoneally). We conclude that the treatment with 
TOTP did not influence the viability of the isolated 
rat hepatocytes cultured in plain medium. Although 
the doses of TOTP selected for the present study were 
smaller than those used by the other investigators, 
either dose of TOTP was sufficient to establish a marked 
though incomplete inhibition of the plasma and liver 
carboxylesterase in rats (4). 

b) Metocurine (0.012-0.85 mM) did not produce a 
net leak of LDH out of hepatocytes isolated either 
from rats pretreated with TOTP (Table 1) or from un- 
treated rats (2). Therefore, a nonspecific cytotoxic ef- 
fect of bis-quaternary muscle relaxants on the liver 
cells isolated from untreated or TOTP-treated rats may 
be excluded. 

c) The net leak of LDH produced by atracurium 
(0.008-0.8 mM) was higher if the hepatocytes were 
harvested from TOTP-pretreated rats than if the cells 
were obtained from rats pretreated with the vehicle 
only. The effect of TOTP pretreatment was more pro- 
nounced for the higher concentrations of atracurium. 

The results (Tables 1 and 2) support the working 
hypothesis and demonstrate that the noxious species 
could have been either an ester added to the culture 
medium or an ester formed in the medium during the 
incubation. Atracurium itself would fit into the first 


Patoannwrs amal araka Sacha a Haaa DT MH “a 


a> 


CYTOTOXICITY OF ATRACURIUM 


is no reason to suspect a toxic biochemical interaction 
between atracurium and cell constituents, we believe 
that the parent drug may be excluded from further 
considerations. Acrylates, on the other hand, are an 
electrophilic species showing high reactivity toward 
nucleophiles, and should be considered. Logically, 
laudanosine should also be considered because it is 
generated concomitantly and in equimolar amounts 
with acrylates. However, the chemical structure of 
Jaudanosine does not reveal any reason to expect toxic 
interaction with cellular constituents, and hence, lau- 
danosine will be excluded from further considera- 
tions. 

Hydrolysis of acrylate esters (methyl, ethyl, and 
butyl) was previously demonstrated in vitro with tis- 
sue homogenates (10). The spontaneous reaction of 
ethyl acrylate with glutathione in vitro was greatly 
enhanced by enzyme(s) present in the soluble fraction 
from rat liver. Acrylic acid did not react with sulfhy- 
dryl groups (10). Silver and Murphy (4) used TOTP 
to demonstrate the consequences of a decreased rate 
of hydrolysis of acrylate esters (methyl and ethyl) in 
vivo: an enhanced depletion of nonprotein sulfhydryl 
groups in various tissues and an increased mortality 
of rats exposed to inhalation of the esters. Inhibition 
of the hydrolytic detoxification of acrylates by TOTP 
redirected the detoxification toward the other path- 
way, namely, the conjugation to glutathione and for- 
mation of mercapturic acid (11). On the basis of these 
reports, we propose that glutathione may act as a 
scavenger for acrylates generated in vivo from atra- 
curium. Only after the stores of glutathione are de- 
pleted will the offending reactive intermediate cause 
functional, and perhaps morphologic, damage. Hence, 
it is not surprising that in the present experiments 
the cytotoxicity of the lower concentrations of atra- 
curlum was only slightly enhanced by the TOTP treat- 
ment: low concentrations of atracurium produced only 
a small amount of acrylates that could have been ad- 
equately detoxified by the available glutathione or the 
residual activity of the esterase, or both. Larger amounts 
of acrylates probably overwhelmed the available stores 
of glutathione as well as the residual capacity of the 
esterase for rapid hydrolysis and detoxification. 

Treatment of rats with TOTP might have increased 
the cytotoxicity of atracurium by two mechanisms: 
first, by increasing the amount of the parent drug 
available for Hofmann elimination and the generation 
of acrylates; and second, by reducing the hydrolytic 
degradation of acrylates and prolonging their sojourn 
in the biophase. We propose that these two mecha- 
nisms are responsible for the augmentation of atra- 
curium-induced LDH leak by the treatment with TOTP. 
Acrylate metabolites of atracurium, required to verify 
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the proposed hypothesis, were not available either 
from commercial sources or from the manufacturer of 
atracurium. 

A translation of the toxic concentrations of atra- 
curium into clinically meaningful terms is not possi- 
ble. First, the relative contributions of Hofmann elim- 
ination and ester hydrolysis to the degradation of 
atracurium in humans are not known. The activity of 
carboxylesterase in rat serum is higher than in human 
serum (12). The data on hydrolytic inactivation of atra- 
curium in human plasma in vitro (13,14) do not cor- 
respond with the in vitro data on hydrolytic degra- 
dation of atracurium (15). Second, concentrations of 
atracurium in various organs, even if known, would 
not provide the desired information about the tissue 
concentration of acrylates. Concentrations of acrylates 
in plasma and tissues are not known. However, the 
presence of laudanosine in plasma of patients treated 
with atracurium (16) proves indirectly that acrylates 
must have been produced as well. The in vivo fate of 
acrylates must be known before the issue of their 
potential toxicity can be resolved. 

The contrast between the easily demonstrable toxic 
effect of atracurium in our experiments in vitro and 
its remarkable safety in clinical use (17) needs expla- 
nation. Several possibilities may be offered. The clin- 
ical dose of atracurium is relatively small and the 
amount of acrylates formed in vivo may be insufficient 
to cause clinically manifest side effects. In addition, 
the stores of glutathione might be sufficient to scav- 
enge acrylates produced in the amounts and at the 
rates encountered in clinical practice. Finally, a minor 
cellular injury produced by acrylates may be repaired 
in vivo, whereas similar repair processes in vitro are 
unlikely. 
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We have determined that the mixed agonist-antagonist nar- 
cotic, butorphanol, improves CO; response and ventilation 
after fentanyl anesthesia. A tentative dosage range has been 
established. Twenty-two patients were anesthetized with 
isoflurane, nitrous oxide, and fentanyl, which was contin- 
uously infused throughout the study. Postoperatively three 
1-mg doses of butorphanol were administered IV. Biood 
pressure, heart rate, plasma epinephrine and norepinephrine 
concentrations, and pain intensity were essentially un- 


The use of potent narcotic agonists as primary an- 
esthetic agents has become quite popular, in part be- 
cause of the cardiovascular stability that results fom 
combining a substantial dose of narcotic with a small 
concentration of a potent inhalational agent (with or 
without N20). Depending on the type of narcotic agent 
used, its dose, and the length and type of surgical 
procedure, a variable amount of respiratory depres- 
sion may occur at the conclusion of the operative pro- 
cedure. Respiratory depression may be mild and re- 
quire no treatment, or may be severe and require 
postoperative ventilation or pharmacologic reversal of 
the narcotic. Naloxone is widely used to antagonize 
respiratory depression caused by narcotic agonists. 
Naloxone binds the narcotic receptor without acti- 
vating it, thereby blocking the effects of the agonist 
drug. Unfortunately, when used to reverse narcotics, 
naloxone may cause undesirable adverse eftects, such 
as severe hypertension, cardiac arrhythmias includ- 
ing ventricular fibrillation, and pulmonary edema (1-5). 
The mechanism of these adverse effects is unknown, 
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changed after butorphanol. Most of the improvement in 
breathing occurred after the first 1-mg dose. Mean respi- 
ratory rate increased from 7.8 + 5.0 to 11.0 + 4.8 min`! 
(P s 0.005), tidal volume increased from 469 + 302 to 
844 + 390 ml (P s 0.005), minute ventilation increased 
from 4.32 + 2.97 to 8.51 + 3.14 L/min (P = 0.005), and 
the slope of the ventilatory response to CO, increased from 
0.36 + 0.37 to 0.90 + 0.80 L-min-!.mm Hg-1 (P < 0.05). 
Resting Paco, decreased from a baseline of 57.8 + 11.1 to 
51.7 + 5.12 mm Hg (P = 0.05) after the third dose. 


Key Words: ANALGESICS—fentanyl, butorphanol. 
ANTAGONISTS, Narcotic—butorphanol. VENTI- 
LATION—CO, response curves. 


but may be related to an increase in sympathetic tone, 
because when dogs anesthetized with fentanyl, en- 
flurane, and nitrous oxide receive naloxone, cate- 
cholamine levels increase (6). Reversal may also be 
unpleasant for the patient because analgesia may be 
reversed along with respiratory depression. 

Because of the variety of problems associated with 
naloxone administration, there has been a search for 
drugs that would reverse the respiratory depressant 
effects of narcotic anesthetic agents without produc- 
ing pain or cardiovascular instability. Physostigmine 
has been used to antagonize respiratory depression 
caused by morphine, presumably by activating cho- 
linergic pathways in the respiratory control centers of 
the brain that enhance ventilation (7). Analgesia is 
preserved, but atropine is required to prevent the 
systemic cholinergic effects of physostigmine (nau- 
sea, vomiting, bradycardia). Nalbuphine, a mixed ag- 
onist-antagonist narcotic, antagonizes the respiratory 
depressant effect of u-agonists such as fentanyl (8-10) 
without reversing analgesia. Presumably nalbuphine 
antagonizes fentanyl at the w-receptor, whereas nal- 
buphine «-receptor agonist activity tends to maintain 
analgesia (11). However, pain and cardiovascular in- 
stability were noted in one study (12), whereas an- 
other study found that circulating epinephrine con- 
centrations increased threefold after reversal (10). A 
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Table 1. Results* 


Systolic BP Diastolic BP Heart rate Epinephrine Norepinephrine Respiratory rate 
(mm Hg) (mm Hg) (1/min) (pg/ml) (pg/ml) (1/min) 

Baseline 143 (24.6) 72 (14) 84 (21) 663 (781) 697 (549) 7.8 (5.0) 
Butorphanol 154 (26.5) 73 (14) 88 (17) 758 (B18) 681 (553) 11.0 (4.8) 

1 (1 mg) 
Butorphanol 158 (27.8) 75 (17) 87 (17) 633 (574) 640 (338) 12.8 (4.4) 

2 (1 mg) 
Butorphanol 157 (21.5) 77 (16) 84 (16) 770 (770) 594 (442) 11.9 (3.9) 

3 (1 mg) 
P value =0.005, 1 vs baseline = o — — “amana <0.005, 1,2,3 vs baseline 


=0.05, 2,3 vs baseline 





‘Means and sD (in parentheses) are shown for the entire group of 22 patients, for baseline conditions, and for the three sequential doses of butorphanol, 


1m 
Subset of eight of the 22 patients. 


recent study (13) found no significant antagonism of 
morphine-induced respiratory depression by nalbu- 
phine. 

Butorphanol is a mixed agonist-antagonist narcotic 
that shares certain properties with nalbuphine.. Ani- 
mal studies have suggested that butorphanol is a u- 
antagonist or partial agonist (14). It nevertheless can 
produce substantial analgesia, probably because of xK- 
receptor agonist activity (11,14). Studies in mice sug- 
gest that butorphanol would not be a very potent 
antagonist at the u-receptor, compared with malor- 
phine or nalbuphine (15). However, studies of, mice 
may not fully predict the behavior of the drug in the 
clinical setting. Therefore, we evaluated whether bu- 
torphanol antagonizes the effects of fentanyl on res- 
piratory drive and ventilation in humans, and if so, 
what is the effective dosage range. 


Methods 


Patients were anesthetized for surgery with isoflur- 
ane, nitrous oxide, and fentanyl. Fentanyl infusion 
was maintained throughout the study to produce a 
slowly increasing plasma concentration (see Discus- 
sion). Postoperatively, respiratory rate, tidal volume, 
minute ventilation, ventilatory response to CO), ar- 
terial blood gas tensions, end tidal isoflurane concen- 
tration, blood pressure, heart rate, pain intensity, and 
catecholamine concentrations were measured before 
and after each of three 1-mg intravenous doses of 
butorphanol. 

Twenty-two patients gave institutionally ap- 
proved, informed consent. Their mean age was 49.1 
+ 15.2 yr; mean weight was 183 + 37 pounds. Me- 
dian ASA rating was 2 (range 1-3). All but two pa- 
tients were men. Operative procedures included or- 


} 


thopedic (15 patients), urologic (4 patients), and lower 
abdominal general surgery (3 patients). The duration 
of surgery was 172 min (SD + 81). Thoracic and upper 
abdominal operations were excluded to avoid undue 
influence of the surgical procedure on the patients’ 
postoperative ventilation. No premedication was used. 
A radial arterial catheter was inserted in all patients. 
Fentanyl was administered as a 5 g/kg body weight 
bolus Guring induction and by continuous infusion 
of 3 ug-kg~*-hr~', beginning immediately after in- 
duction. The intraoperative dose of fentanyl was 1268 
+ 452 pg. Thiopental adequate to produce uncon- 
sciousness (mean dose 285 + 96, range 125-500 mg) 
was followed by succinylcholine to facilitate tracheal 
intubation. Nondepolarizing muscle relaxants were 
used for defasciculation and for intraoperative relax- 
ation if necessary, and were reversed with edro- 
phonium before the end of the procedure. Nitrous 
oxide and isoflurane were used as needed to produce 
optima] anesthetic depth. The inhalation agents were 
discontinued before the end of the procedures so that 
isoflurane end tidal concentrations were =0.1% be- 
fore arrival in the recovery room as measured by mass 
spectrometry (SARA) in the operating room and re- 
covery room. Fentanyl infusion was continued with- 
out interruption during transport and in the recovery 
room until the study was completed. The fentanyl 
dose in the recovery room was 193 + 92 yg. 

On arrival in the recovery room, 18 patients were 
awake, extubated, and breathing spontaneously. Ox- 
ygen was administered by mask to prevent hypoxia. 
The following measurements were made before bu- 
torphanol administration, and 5 min after each of three 
sequential IV 1-mg doses of butorphanol (total dose 
3 mg): blood pressure, heart rate, plasma epinephrine 
and norepinephrine, arterial blood gas tensions, end 








from points when end tidal CO2 approximated mixed 
venous CO,. In some patients CO, response data could 
not be obtained because baseline rest CO, was very 
high, or because of intolerance to severe hypercapnia, 
as manifested by anxiety, dyspnea, and attempts to 
remove the anesthesia mask from the face. Data on 
ventilatory responses to CO, were obtained in 8 of 
the 22 patients. 

Arterial blood gas tensions were determined in du- 
plicate in our clinical laboratory. Arterial samples for 
measurement of catecholamine levels were placed in 
ice after collection. At the conclusion of sample col- 
lection the plasma was. separated in a cold centrifuge 
and frozen at — 20°C until analyzed by a HPLC assay 
in our research laboratory (17). 

Statistical comparisons were performed using anal- 
ysis of variance (ANOVA) and Student’s t-test. Re- 
sults are given as the mean + sD. Where data may 
not have been normally distributed, nonparametric 
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P Slope, CO} 
= Tidal volume Minute ventilation response Paco, pH Pac, 
(mi) (L/min) (L-miretorr~?) (mm Hg) (units) (mm Hg) 
469 (302) 4.32 (2.97) 0.36 (0.37) 57.8 (11.1) 7.24 (0.04) 162 (105) 
844 (390) 8.51 (3.14) 0.90 (0.80) 55.3 (10.9) 7.26 (0.06) 180 (70) 
750 (234) 9.20 (2.35) 0.99 (0.61) 52.4 (8.38) 7.27 (0.06) 161 (73) 
749 (244) 8.63 (2.47) 1.06 (0.56) 51.7 (5.12) 7.28 (0.03) 170 (81) 
<0.005, 1,2,3 vs baseline <0.005, 1,2,3 vs baseline <0.005, 1,2 vs baseline =0.05, 1,3 vs baseline — — 
<0.005, 3 vs baseline 0.01, 2 vs baseline 
0.05, 2 vs 1 
tidal isoflurane concentration, pain (rated by the pa- 14 
tient as none, mild, moderate, or severe), respiratory pitied 04 ee 
A rate, tidal volume, minute ventilation, and ventilatory 6 
response to CO, as determined by the Read re- 
breathing method (16). The time between butor- Paes a a 
phanol doses was 10-15 min. Four patients were ap- (m) 400 
neic on arrival to the recovery room; they were handled Minute 
differently, as described under Results. Ventilation o 
Measurements of ventilatory responses to CO, were mmk s 
made using a breathing circuit with a Validyne Model ueo 60 
MC1-3 pneumotach and a Hewlett-Packard 47210A (torr) s- ~ 
Capnometer interfaced to a Hewlett-Packard 7754B 52 
mültichannel recorder. There was approximately 275 CO2 40 
ml of respiratory dead space in the circuit, including Response —_— 
; : ; Slope 0.6 
the anesthesia mask. Spirometric data are reported at (L/min/torr) 
BIPS. Carbon dioxide response testing was carried ee a : i 
out using the Read rebreathing technique with 7% aii 
& CO, and 40% O; (16). The slope of the CO; response Sa ach 
curve was determined by linear regression beginning Figure 1. Mean data for respiratory measurements are shown un- 


der baseline conditions and after each of three sequential 1-mg 
doses of butorphanol. Ventilatory response CO- data are from eight 
of the 22 patients. 


tests (Wilcoxon rank-sum) were also applied, but re- 
sults were not different from parametric tests. 


Results 


Results are shown in Table 1 and Figures 1 and 2. 
End tidal isoflurane concentrations were <0.1% on 
arrival in the recovery room. Eighteen patients were 
breathing spontaneously and four were asleep, in- 
tubated, and apneic on arrival in the recovery room. 
Baseline spirometric measurements and CO, re- 
sponses could, of course, not be done in the apneic 
patients. Also data on arterial blood gas tensions in 
these four patients were excluded because baseline 
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Figure 2. Ventilatory CO, response curves (obtained by the method 
of Read) (16) are shown for an individual patient. Baseline slope 
(open circles) was 0.31 Lemin~*mm Hg~ t; this slope was not sta- 
tistically different from 0 (P > 0.05). Slopes after three 1-mg doses 
of butorphanol were 0.925 (solid circles), 1.83 (squares), and 1.00 
L-min~ tmm Hg~? (triangles), respectively. 


data were obtained during controlled ventilation. The 
apneic patients were ventilated with an anesthesia 
reservoir bag containing oxygen, 100%, and their end 
tidal CO} was maintained in the range of 50—60. mm 
Hg, which was comparable to the Paco. in sponta- 
neously ventilating patients. Butorphanol, 1 mg' was 
then administered, resulting in the onset of sponta- 
neous ventilation in <2 min in three of these four 
patients. The fourth apneic patient, weighing 117 kg, 
remained apneic for 6 min after the first dose, and 
was given a second dose. Spontaneous ventilation 
began <2 min after the second dose. 

In the 18 spontaneously breathing patients, mean 
rest Paco, decreased slightly after each of three doses 
of butorphanol. Compared with the baseline Paco, 
of 57.8 + 11.1 mm Hg, Paco, levels after the first 
(55.3, + 10.9; P = 0.05), second (52.4 + 8.38; P s 
0.01), and third (51.7 + 5.12; P s 0.05) doses of bu- 
torphanol were significantly reduced. The Paco, after 
the second dose was significantly less (P = 0.05) than 
the Paco, after the first dose. Respiratory rate in- 
creased significantly from a baseline of'7.8 + 5.0 min™? 
to 11.0 + 4.8 min~/ (P = 0.005) after the first dose of 
butorphanol. Respiratory rates after the second (12.8 
+ 4.4; P = 0.005) and third (11.9 + 3.9; P = 0.005) 
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doses were also significantly above baseline levels, 
but not statistically different from those observed after 
the first dose. Tidal volumes increased significantly 
from a baseline of 469 + 302 to 844 + 390 ml (P = 
0.005) after the first dose of butorphanol. Tidal vol- 
umes after the second (750 + 234 ml; P = 0.005) and 
third (749 + 244 ml; P = 0.005) doses were also sig- 
nificantly above baseline levels, but were not statis- 
tically different from those observed after the first 
dose. Minute ventilation increased significantly from 
4.32 + 2.97 to 8.51 + 3.14 L/min (P = 0.005) after the 
first dose. Minute ventilation after the second (9.20 
+ 2.35; P < 0.005) and after the third (8.63 + 2.47; 
P < 0.005) doses was also significantly above baseline 
levels, but was not statistically different from minute 
ventilation after the first dose. 

Data on ventilatory response to CO, were obtained 
in eight patients, including three patients who were 
apneic and intubated on arrival in the recovery room 
(Figs. 1 and 2). The slope of the baseline CO, response 
curve in the apneic patients was 0, by definition. The 
slope of the CO, response curves increased signifi- 
cantly above baseline levels of 0.36 + 0.37 to 0.90 + 
0.80 L-min~ "mm Hg~! (P = 0.05) after the first dose 
of butorphanol. Slopes after the second (0.99 + 0.61; 
P <= 0.05) and third (1.06 + 0.56; P = 0.005) doses 
were also significantly above baseline. The slopes after 
the second and third dose did not significantly differ 
from that observed after the first dose of butorphanol. 
Correlation coefficients for the slope of the baseline 
and the three butorphanol doses averaged 0.66, 0.84, 
0.94, and 0.93, respectively. The correlation coeffi- 
cient of the baseline slope was poor because data points 
were erratic because of sighs and periodic breathing. 

Surveillance for recurrence of respiratory depres- 
sion consisted of routine recovery room monitoring. 
Although the duration of action of butorphanol an- 
tagonism of respiratory depression was not formally 
measured, “renarcotization” did not occur. 

Blood pressure and heart rate remained stable after 
butorphanol, although there was a clinically insignif- 
icant increase in systolic blood pressure from a base- 
line of 143 + 24.6 to 154 + 26.5 mm Hg (P = 0.005) 
after the first dose of butorphanol, which was main- 
tained after the second and third doses. Epinephrine 
and norepinephrine concentrations were unchanged 
after butorphanol. 

Pain ranged from none to moderate on arrival in 
the recovery room and there was no change in the 
intensity of pain after butorphanol in 16 patients. In 
two patients pain increased from none to mild, and 
in three pain decreased from mild to none (one pa- 
tient) or moderate to mild (two patients). One patient 
who underwent a shoulder repair awoke after receiv- 
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EFFECTS OF BUTORPHANOL AFTER FENTANYL ANESTHESIA 
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Figure 3. Fentanyl plasma concentrations were simulated with a 
microcomputer using fentanyl pharmacokinetic parameters deter- 
mined by McClain and Hug (18,19). After a 5-ug/kg loading dose 
and a 3-yg-kg~ *-+hr~? infusion, fentanyl concentrations decrease for 
about 30 min, then increase until steady state is reached (about 15 
hr later), or until the infusion is discontinued. The simulation dem- 
onstrates that fentanyl concentrations are expected to be increasing 
during the period of time when ventilatory measurements were 
made in our study after the administration of butorphanol. 


ing butorphanol and immediately complained of se- 
vere pain. This patient subsequently required extraor- 
dinarily large doses of analgesics, to the point of 
producing somnolence, without ever obtaining sat- 
isfactory pain relief. His blood pressure, heart rate 
and catecholamine levels were not significantly in- 
creased after butorphanol. Psychotomimetic effects, 
sometimes attributed to agonist-antagonist narcotics, 
were not noted. 


Discussion 
Butorphanol improved ventilation and ventilatory re- 
sponses to CO, after fentanyl anesthesia, as evi- 
denced by the onset of spontaneous ventilation in 
several apneic patients, increased respiratory rate, tidal 
volume and minute ventilation in spontaneously 
breathing patients, reduction of resting Paco levels, 
and a threefold increase in the slope of the CO, re- 
sponse curve. Most of the changes in breathing oc- 
curred after the first 1-mg dose of butorphanol. An- 
algesia was not significantly affected in 21 of 22 patients, 
and no adverse cardiovascular side effects were ob- 
served, although systolic blood pressure increased 
slightly. Plasma catecholamine concentrations did not 
increase, suggesting that the adverse effects some- 
times seen after the use of naloxone for reversal of 
narcotics, which have been attributed to increased 
sympathetic nervous system activity, may not occur 
with butorphanol. 

Plasma levels of fentanyl were not measured in our 
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study. However, the fentanyl infusion was main- 
tained throughout the study, which would result in 
stable or increasing fentanyl concentrations. The fen- 
tanyl concentration expected in a patient with typical 
pharmacokinetic properties is illustrated in Figure 3 
(18,19). Fentanyl concentration increases until a steady 
state is reached (approximately five half-lives after the 
start of the infusion, or at about 15 hr). Therefore, the 
respiratory depression due to fentanyl would tend to 
increase rather than decrease during the course of the 
study, leading to an underestimation of the efficacy 
of butorphanol. End tidal concentrations of isoflurane 
were very low, 30.1%, at the time the first measure- 
ments were made. Of course, this value would tend 
to decrease with time. However, the fact that most of 
the improvement in breathing occurred after the first 
dose of butorphanol, separated by only a few minutes 
from the baseline measurements, suggests that de- 
creasing end tidal concentrations of isoflurane had 
little effect on the results. Moreover, low concentra- 
tions of isoflurane have been shown not to affect ven- 
tilatory response to CO) (20). 

Rest Paco, did not improve as much as ventilatory 
responses to CO, or minute ventilation after butor- 
phanol. This has been observed previously with nal- 
oxone. Naloxone has been given in patients narco- 
tized by morphine in doses such that the CO. response 
improved markedly while rest Paco was much less 
affected (21). It appears that rest Paco; levels are de- 
termined by a different mechanism than that which 
determines respiratory “drive”, as measured by CO, 
response, and that butorphanol affects drive more 
than the rest Paco,. That Paco, was reduced to a 
lesser extent than was the corresponding increase in 
minute ventilation suggests that either CO, produc- 
tion increased substantially after butorphanol, or that 
the dead space ventilation increased out of proportion 
to alveolar ventilation. There are no data available at 
this time to distinguish these possibilities, but the 
latter would appear most likely. 

Further studies will be required to define the clin- 
ical usefulness of the ability of butorphanol to antag- 
onize fentanyl. Studies of the effects of butorphanol 
on the respiratory effects of narcotics other than fen- 
tanyl are also needed, as are dose-response studies 
of butorphanol, nalbuphine, and physostigmine, in 
which the doses of both the agonist and antagonist 
are varied. Finally, the antagonist properties of phy- 
sostigmine, nalbuphine, butorphanol, and naloxone 
need to be compared in comparable clinical studies. 
Perhaps after sufficient investigation we will have the 
knowledge necessary to administer narcotic antago- 
nists effectively without causing postoperative pain 
or cardiovascular instability. 
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Tidal Volumes Required to Maintain Isocapnia at Frequencies from 


3 to 30 Hz in the Dog 
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KOLTON M, McGHEE I, BRYAN C. Tidal Volumes 
required to maintain isocapnia at frequencies from 3 to 30 
Hz in the dog. Anesth Analg 1987;66:523-8. 


We ventilated seven mongrel dogs with high frequency os- 
cillatory ventilation (HFO) at frequencies from 3 to 30 Hz. 
At each frequency, the tidal volume required to achieve 
isocapnia (VTi) was measured by plethysmegraphy. In an 
individual dog, VTi could be related to frequency by an 
equation of the form VTi. = Kf“. A was similar for the 
seven dogs, A = —0.54 + 0.03. K varied from 179 to 
325 cc— Hz~%, reflecting differences between the dogs in 


High frequency oscillatory ventilation (HFO) can sup- 
port gas exchange over a broad range of frequencies 
from 3 to 30 Hz (180-1,800 breaths/min) (1). Conven- 
tional modeling of gas transport, as summarized by 
the classical Bohr equation, fails to account for gas 
flux under these conditions, because at these high 
frequencies tidal volumes smaller than the sum of 
anatomic and equipment dead space can maintain 
normocapnia. To determine just how small these tidal 
volumes get as frequency increases, we measured the 
tidal volumes required to achieve steady state isocap- 
nia (VTiso) at frequencies from 3 to 30 Hz in the dog. 
Our findings are compared with those of other stud- 
ies, and the implications for choice of ventilatory fre- 
quency are discussed. 

A basic model that can be used to provide a frame- 
work for discussion of gas transport during both HFO 
and CMV is: 


Vco = GRAD x f x Vr x EFF (1) 


Funding was provided by a grant from the Medical Research 
Council of Canada. 

Received from the Department of Anaesthesia, University of 
Toronto, St. Michael’s Hospital, Toronto, Ontario, Canada. Ac- 
cepted for publication January 29, 1987. 

Address co ndence to Dr. Kolton, Department of Anaes- 
thesia, St. Michael’s Hospital, 30 Bond Street, Toronto, Ontario 
M5B 1W8, Canada. 


© 1987 hv the tInternatinnal Anoathacin Raaearch Gariaty 


dead space, CO; production and gradient for gas transport. 
This relation is consistent with that predicted from the data 
of previous investigators who used different ventilators, ctr- 
cuits and methodology. From 3 to 30 Hz, VTi. decreased 
from 1.2 to 0.4 times anatomic plus equipment dead space, 
but minute volumes required to maintain tsocapnia in- 
creased from 6 to 18 times those required during conven- 
tional ventilation. We conclude that low tidal volume ven- 
tilation is also high minute volume ventilation. 


Key Words: VENTILATION—high frequency. 


where Vco; is the rate of CO, transport, GRAD is the 
alveolar-ambient gas concentration gradient, f is the 
frequency, VT is the tidal volume, and EFF is an 
expression for the efficiency of ventilation (2,3). For 
conventional ventilation EFF = (1 — Vp/VT), where 
Vp is the anatomic plus equipment dead space and 
equation (1) reduces to the classical Bohr equation. 
During HFO, EFF has the form a(V1/Vp)’f*, where a, 
b, and c are constants. The product f x VT x EFF is 
referred to as the “effective diffusivity” in some of 
the HFO literature (2). Previous studies in the normal 
dog (4-6) have found values for b ranging from 0.5 
to 1.2, and a value for c of 0. In terms of Equation 1, 
we studied the relation between VT and f, with Vco, 
equal to the basal CO, production of the dog and the 
determinants of GRAD (arterial and inspired CO;) 
fixed during the course of the experiment. 


Methods 


Anesthesia was induced with sodium pentobarbital 
(30 mg/kg IV) in seven mongrel dogs ranging in weight 
from 12.7 to 33.2 kg. Anesthesia paralysis was main- 
tained with intermittent doses of pentobarbital and 
pancuronium. The dogs were orally intubated with a 
9-mm cuffed endotracheal tube. Arterial and venous 
cannulae were inserted in the femoral vessels and 
arterial pressure monitored with a Statham P23D 
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transducer. Temperature was monitored with a rectal 
probe. Arterial blood samples were analyzed for pH, 
Pco, and PO, with a Instrumentation Laboratories 
model 13/03 blood gas analyzer and the values tem- 
perature corrected. 

The oscillator circuit is diagrammed in Figure 1. 
The circuit has a T configuration with a Bird 15 mm 
Jackson Y connector as the center of the T. Sinusoidal 
flow oscillations were provided by a Metrex Instru- 
ments HSMVS oscillator connected to the circuit by 
a 0.5-m length of 1.2-cm diameter low compliance 
plastic tubing. A bias flow of fresh gas (10-15 L/m, 
Fig, 0.21) was introduced via standard oxygen deliv- 
ery tubing to maintain the gradient for gas transport. 
This flow exited via the low pass filter (LPF), a 2-m 
length of 0.5-cm diameter Silastic tubing. The pro- 
portion of the oscillatory tidal volume delivered to the 
dog was determined by the relative impedance to the 
oscillations of the low pass filter and the respiratory 
system (including the endotracheal tube) of the dog. 
A screw clamp on the low pass filter allowed the mean 
airway pressure (MAP) in the circuit to be adjusted. 
CO, concentration in the low pass filter (FEco,) was 
measured with a Beckman LB2 analyzer. Airway pres- 
sure was measured at the top of the circuit, and the 
signal passed through two cascaded low pass critically 
damped filters with a cutoff frequency of 0.05 Hz to 
derive a mean airway pressure measurement. The 
value for MAP corresponded within + 1 cm H,0 to 
measurements of the static intrapulmonary pressure 
measured when the airway was occluded randomly 
during the oscillatory cycle (7) and thus reflects the 
mean distending pressure on the lung during this 
form of ventilation with this particular circuit (8). 

Tidal volumes were measured by placing the dog 
in a 216-L pressure plethysmograph. The pressure 
within the plethysmograph was measured with a flush- 
mounted Validyne MP45, 1-5 cm H,O transducer. 
Pressure waveforms were recorded on a Beckman Dy- 
nagraph Type RM chart recorder. The plethysmo- 
graph was statically calibrated and found to be linear 
over the volume ranges recorded. Volume changes 
were assumed adiabatic. 

The dynamic response of the plethysmograph re- 
corder system was determined by introducing a si- 
nusoidal flow signal of fxed volume amplitude into 
the plethysmograph at various frequencies over the 
range 3-30 Hz. At each frequency the tidal volume 
as measured by the plethysmograph (output) was ex- 
pressed as a fraction of the output in response to a 
signal of the same input amplitude at 3 Hz. A dynamic 
calibration curve was produced by plotting this ratio 
vs frequency; this was repeated for several tidal vol- 
umes. The curve was flat up to 15 Hz and then it 
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Figure 1. High frequency oscillation circuit. 


linearly increased to a maximal overshoot of 20% at 
30 Hz; the tidal volumes recorded during our exper- 
iment were corrected on the basis of this curve. Crit- 
ical to our method of calibration was the constancy 
of the input volume signal to the plethysmograph 
over this frequency range. The input signal was gen- 
erated by the oscillator (a diaphragm pump with low 
compressible volume) that was attached directly to 
the plethysmograph to avoid Helmholtz resonance 
effects (9). We confirmed that the oscillator was a 
constant tidal volume source over this range of fre- 
quencies by measuring its output with a high fidelity 
plethysmograph-recorder system. This consisted of a 
2.5-L glass bottle in which pressure'was measured 
with a Millar micromanometer pressure transducer 
and the signal recorded on a Gould ES1000 electro- 
static recorder. At a fixed stroke displacement, the 
oscillator’s output, as measured by the amplitude of 
the pressure swings in the bottle, remained constant 
as the frequency was varied between 3 and 30 Hz. 

Each dog was initially ventilated to a selected Paco, 
with a Bennett MAI ventilator at conventional rates 
and tidal volumes, Fio, 0.21. Expired gas was col- 
lected for measurement of minute ventilation and mixed 
expired CO, and these values were used to calculate 
the CO, production. 

The dog was then placed in the plethysmograph 
and oscillated at frequencies from 3 to 30 Hz. At each 
frequency the tidal volume was adjusted (guided by 
the FEco, X FGF product) to achieve a CO, flux equal 
to the basal CO, production. After 10 min of oscilla- 
tion, arterial blood was analyzed and, if isocapnia had 
been maintained, tidal volume was measured. The 
number of different frequencies studied in each dog 
over an &-h period varied from 13 to 23. With each 
measurement of VT;,. the MAP, Paco, and FEco, were 
recorded. The frequency range was scanned four times 
to minimize the impact of time-related changes in the 
study parameters (chiefly the basal CO, production 
of the dog) occurring during the course of the day. 
Paco, bias flow, and mean airway pressure were 
maintained constant in any one dog. 
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Table 1. Summary of Data 
Weight Vb Paco, VEO MAP 

Dog (kg) (cc) (mm Hg) FEcos (ml/min) (cm H20) A K p. n 
l 33.2 157 44 + ] 1.36 + 0.04 200 + 18 0:7 E J7 — 0.52 325 0.93 a> 
2 ya ee 115 39 2 1.32 + 0.07 lat & 8.3 + 0.6 — 0.50 252 0.95 18 
3 21.4 110 44 +2 1.34 + 0.08 135 = 8 6:9 + 0.7 —0.53 240 0.96 20 
4 22.4 114 40 + 2 1.07 + 0.03 107 = 3 7 £03 — 0.58 257 0.90 13 
5 15.4 86 aD = 2 0.83 = 0.06 84 + 6 7.4 + 0.6 —().52 200 0.88 23 
6 16 88 ao E 2 1 + 0.06 101 + 6 8 = 03 —0.55 221 0.90 21 
7 12:7 75 I 2 0.86 + 0.07 88 + 7 ALE 02 — 0.58 179 0.97 14 

Mean 20.5 106 38.4 1.1 121 7.6 — 0.54 239 0.93 19 

Results 180. + 


All animals tolerated the HFO well; oxygenation, car- 
diovascular stability, and isocapnia were maintained 
at all frequencies. Table 1 summarizes the means and 
standard deviations for each dog over the course of 
the experiment for the variables Pacoz, FEco,, VCO2 
and MAP. Vco> was calculated from FEco, multiplied 
by the fresh gas flow. VD is calculated as the sum of 
anatomic dead space (estimated as 4 ml/kg of body 
weight) plus the volume of the endotracheal tube (13 
cc). 

For each dog VTiso was plotted as a function of 
frequency. The plots suggested a relation of the form 
VTiso = Kf*, and the data were fitted to this curve by 
performing a linear regression on the logarithmic 
transformations of the variables f and VTiso. The val- 
ues for the exponent A in the seven dogs ranged from 
—0.5 to —0.58, with a mean —0.54 + 0.03. K varied 
from 178 to 326 cm-Hz ^ô, and R? for the fitted curves 
from 0.88 to 0.97. Examination of residuals confirmed 
that the curves were a good fit to the data over the 
entire range of frequencies. Plots of the regression 
curves for the seven dogs appear in Figure 2. 

K varied widely between dogs, reflecting the dif- 
ferences in VCO>, GRAD, and VD in the animals. The 
exponent b in the expression for EFF of equation (1) 
is related to A by b = —(1 + 1/A). With a value for 


A of —0.5, b = 1, and thus (1) predicts K should be 
proportional to VVco, x VD / Grad. R? for a regres- 


sion of K on the corresponding value for VVco, x 
Vp / Grad (calculated using the mean values for these 
parameters over the course of the experiment) was 
0.92. 

The data for the entire group of seven dogs were 
combined for analysis of CO- transport efficiency dur- 
ing HFO. Efficiency was defined as the ratio of al- 
veolar ventilation to minute ventilation (2,10). Alveo- 
lar ventilation was calculated as VCO; / GRAD, where 
GRAD was estimated by the arterial minus the low 
pass filter CO, gradient instead of the more conven- 
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Figure 2. Regression lines relating tidal volumes required for iso- 
capnia (VTiso) to frequency for the seven dogs. 


tional alveolar to inspired gradient. Efficiency was 
calculated for each of the VT;.,, measurements made 
in these experiments using the values for Paco», 
FEco,, and FGF collected at the same time. Efficiency 
is graphed as a function of frequency in Figure 3. 


Discussion 


In this series of dogs we have studied CO, transport 
during HFO by measuring the tidal volumes required 
to induce a constant gas flux (basal CO, production) 
at frequencies in the range 3-30 Hz. In an individual 
dog, the major parameters other than tidal volume 
and frequency that might affect gas transport were 
kept constant; these included the lung volume (MAP) 
and gradient across which gas was transported. 
Critical to the results is the accuracy of our method 
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Figure 3. Efficiency (alveolar ventilation as a percent of minute 
ventilation) vs frequency for the 132 observations in this experi- 
ment. 


for measuring VTiso Measurement of tidal volume over 
this broad range of frequencies presents several prob- 
lems. The open configuration of the circuit and res- 
onance effects (9) preclude the substitution of venti- 
lator stroke volume for the volume delivered to the 
dog. At the high frequencies, large flow rates, and 
small tidal volumes generated by HFO, conventional 
pneumotachometers represent a significant imped- 
ance and equipment dead space, and may have cali- 
bration curves that are alinear and frequency depen- 
dent (11). Tidal volumes were therefore measured using 
a pressure plethysmograph that had been statically 
and dynamically calibrated. | 

In each dog VTi. decreased monotonically with 
increases in frequency from approximately 1.2 times 
the calculated anatomic plus equipment dead space at 
3 Hz to one-third of that volume at 30 Hz. The data 
could be fitted to a curve of the form VT. = Kf* with 
a mean value for A in the seven dogs of —0.54. K 
varied widely between dogs reflecting the differences 
in basal CO, production, gradient, and anatomic dead 
space of the seven dogs. Because A is less than 
1, VTi. does not decrease proportionately as fre- 
quency increases, and thus the minute ventilation re- 
quired to maintain isocapnia, Viso, increases with 
frequency; Viso = Kf®*. To halve VTso one must 
approximately double the minute volume of ventila- 
tion. 

A measure of gas transport efficiency is the ratio 
of alveolar ventilation (CO, flux normalized for gra- 
dient) to minute ventilation. In Figure 3 the efficiency 
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Figure 4. Predicted V1/VpD vs frequency relation from the data of 
Slutsky (4), Weinmann (6), Venegas (5) (dashed line = extrapolated 
portion of curve), and those found in our experiment. 


calculated for each observation in the seven dogs is 
plotted vs frequency. Efficiency decreases from 15% 
at 3 Hz to 5% at 30 Hz; this compares with an effi- 
ciency of 60-70% at the tidal volumes and frequencies 
used for conventional mechanical ventilation. Minute 
volumes at 3, 15, and 30 Hz were approximately 6, 
12, and 13 times those required to maintain isocapnia 
with conventional ventilation. Other studies (4,5) have 
shown that in the normal dog gas flux is linearly pro- 
portional to frequency (making efficiency indepen- 
dent of frequency). This suggests that the decrease in 
gas transport efficiency in Figure 3 is a consequence 
of the smaller tidal volumes associated with isocapnia 
as frequency increases (Fig. 2). Several explanations 
have been proposed for this “tidal volume effect,” 
but central to them is the concept that as tidal volume 
decreases the contribution of bulk flow to total gas 
transport decreases, making transport increasingly 
dependent on relatively inefficient (in terms of minute 
volumes) mixing processes (12-14). High frequency, 
small tidal volume ventilation is also high minute vol- 
ume ventilation. 

It is possible that the VTiso — frequency relations 
we found are predominantly a reflection of our par- 
ticular ventilator, circuit, or method for measuring 
tidal volume. For this reason our data are compared 
with those of three other studies that used quite dif- 
ferent ventilators, circuits, fresh gas flow rates, and 
methodology. Slutsky et al. (4) measured the rate of 
CO, transport induced by short (< 30 sec) bursts of 
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HFO at various frequency tidal volume combinations. 
Venegas et al. (5) used the washout of nitrogen-13 to 
estimate the alveolar ventilation as a function of fre- 
quency and tidal volume. Weinmann et al. (6) mea- 
sured VTiso by plethysmography but over a lower fre- 
quency range from 0.25 to 8 Hz. The regression 
equations describing the data in two of these exper- 
iments are in the form of Equation 1; EFF in the Ven- 
agas study was 0.15 x (VT/VD); and in the Weinmann 
study 0.19 x (V1/Vp)'*. The regression equation in 
Slutsky’ s study has the form Vco, = 0.0003 f! x 
VT!5, These three equations were used to predict VTiso 
as a function of frequency for a dog with Veo, 125 
ml/min and Vp 100 ml (the mean values for these 
variables in this study and also those of Weinmann 
and Slutsky). The value for GRAD was 0.05 in the 
studies of both Slutsky and Venegas and 0.037 in our 
study and that of Weinmann. In Figure 4, we have 
plotted the regression curve relating V1/VD to fre- 
quency for our 132 data points (VT/VD = 2.3 x f °> 
r? = 0.90) along with the curves predicted by the 
above equations. The curves from all four studies are 
similar in shape despite the diversity in methodology 
and ventilators among the studies. They predict that 
normocapnia can be achieved with tidal volumes 
smaller than dead space and that CO, transport ef- 
ficiency decreases with increases in frequency. VTiso 
levels in Permutt’s experiment were only measured 
for frequencies from 0.25 to 8 Hz but the curve is 
extrapolated to 30 Hz (dashed line in Fig. 4) based on 
their quantitative model (3) using a value for the coef- 
ficient of dispersion suggested by their low frequency 
data (6). Their model predicts VTiso remarkably well 
over the broad range from 0.25 to 30 Hz. 

Tidal volume cannot be the sole criterion in choos- 
ing ventilatory frequency. The decrease in VT.<o as 
frequency increases from 3 to 30 Hz is accompanied 
by a threefold increase in Vico, from six to 18 times 
that required with conventional ventilation. The ef- 
fects of these high flows on intrapulmonary pres- 
sures, mucociliary clearance, distribution of ventila- 
tion and potential for gas trapping may limit or suggest 
optima for ventilatory frequency. 

For example, both airway pressure amplitude and 
dynamic hyperinflation are strongly dependent on 
the minute volume of ventilation. Airway pressure 
amplitude is a function of flow amplitude and res- 
piratory system impedance (15,16), and it will depend 
on the sum of the elastic, viscous, and inertial forces 
that must be overcome in moving gas into and out of 
the lung. As frequency increases VTiso decreases, and 
thus the pressure required to overcome elastic forces 
decreases; but, at the same time, flow velocity and 
acceleration increase, making viscous and inertial 
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pressure losses greater. As a result, the airway pres- 
sures generated at isocapnia are not necessarily a 
monotonic function of frequency, and at the higher 
frequencies may exceed those found with conven- 
tional ventilation (17). With regard to dynamic hy- 
perinflation, there may be limits to the minute vol- 
umes that can be supported by the respiratory system 
without regional or global gas trapping occurring 
(18,19). Dynamic hyperinflation during HFO has been 
demonstrated by some investigators (7,18) but not 
others (8), and it has been suggested that factors other 
than minute ventilation, such as the circuit design, 
ventilatory waveform, lung volume, and respiratory 
system compliance are also important in determining 
whether it occurs. Nevertheless the large increase in 
Viso With frequency must remain a concern in this 
regard. 

In summary, in the normal dog, using a particular 
ventilator and circuit combination, we have found 
that tidal volume required to achieve steady state is- 
ocapnia decreases monotonically as frequency in- 
creases. The decreases in tidal volume are accompa- 
nied by increases in minute ventilation that may place 
upper limits on the frequencies that can be used dur- 
ing this form of ventilation. Our findings are con- 
sistent with those of other investigators who have 
used different methods, ventilators, and circuits to 
study gas exchange. Because gas transport during HFO 
may be more sensitive to the mechanical properties 
of the lung than during conventional ventilation the 
relations we found may not be applicable to other 
species or in pathologic states (19-22). 
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Removal of tracheal secretions in anesthetized dogs: 
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Artificial secretions were removed by suction (using 12- or 
18-French suction catheters) or by means of a balloon-ttpped 
catheter (6-French Fogarty® arterial embolectomy catheter) 


in 20 experiments performed on five dogs anesthetized with . 


halothane. Each dog had 5 ml of mucin injected 10 cm down 
the endotracheal tube prior to a 30-sec period of intermittent 
positive pressure ventilation. After this procedure, the ven- 
tilator was disconnected and the secretions were removed 
by suction with the 12- or 18-French catheters or by the 
Fogarty catheter. Each dog had balloon removal performed 
twice and suction performed once with the 12-French and 
once with the 18-French catheter. The endotracheal tube was 


Tracheal secretions are usually removed by passing a 
suction catheter down the endotracheal tube. This 
procedure may be ineffective, especially when secre- 
tions are viscid (1). In spite of meticulous technique, 
suctioning may be associated with complications in- 
cluding mucosal damage, hemorrhage, and erosion 
(2). Furthermore, hypoxemia can also occur during 
endotracheal suctioning and has been implicated in 
occasional deaths (3). The amount of secretions re- 
moved by suctioning varies depending upon the ad- 
equacy of technique and the fluidity of the secretions. 
Viscous secretions may be strongly adherent to the 
walls of the airways and difficult to remove. 
Secretions may also be removed using a balloon- 
tipped Fogarty® arterial embolectomy catheter (4). With 
this technique the balloon is passed beyond the se- 
cretions in a deflated state, inflated and then slowly 
withdrawn. Secretions are passively pulled up by this 
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cleaned and a 15-min stabilization period was allowed be- 
tween each experiment. Arterial blood pressure (MAP, and 
pulmonary artery pressure (PAP) did not change after either 
technique. There were no ECG changes, arrhythmias, or 
alterations in PacO>. The PaO, was significantly lower in 
the two suction catheter groups [520 + 33 mm Hg (12 
French) and 451 + 31 mm Hg (18 French)] than in the 
balloon removal group (564 + 10 mm Hg) (P < 0.05). 
The balloon technique removed more secretions (4.52 + 
0.06 ml) than did suction (12 French, 1.32 + 0.17 ml; 18 
French, 2.11 + 0.44 ml). Balloon removal of tracheal se- 
cretions has two advantages over conventional suction tech- 
niques: it removes more secretions, and it has less detri- 
mental effect on arterial oxygenation. 


Key Words: LUNG—secretions. 


maneuver and thus removed from the trachea and 
the endotracheal tube. The object of this study was 
to compare the effectiveness of balloon catheters and 
suction as methods for removing experimentally 
produced tracheal secretions in anesthetized dogs. In 
addition, the influence of both techniques on Pao, 
Paco, heart rate, arterial blood pressure, and the 
incidence of arrhythmias was also evaluted. 


Methods 


Twenty experiments were conducted on five mongrel 
dogs weighing 18-23 kg. The experimen-s were of 
three types. In the first type (conducted twice in each 
animal), secretions were removed with a Fogarty ar- 
terial embolectomy catheter; in the other two types 
(conducted once in each animal), secretions were as- 
pirated with a 12- or an 18-French sucticn catheter 
(Bard). Anesthesia was induced with IV thiopental, 
25 mg/kg, followed by tracheal intubation with a 9.0- 
mm diameter, 30-cm long cuffed endotracheal tube 
(Portex). Mechanical ventilation was initiated with a 
positive pressure ventilator (Harvard) and anesthesia 
maintained with halothane (0.8-1% inspired) in ox- 
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Table 1. Arterial Oxygen Tensions 


LEIMAN ET AL. 





Suction Poz (mm Hg) 


Balloon Po, (mm Hg) 





Baseline 12 French 18 French Baseline Balloon 
599 + 10 520 + 33° 451 + 31° 589 + 11 564 + 1% 
(n = 10) (n = 5) {n = 5) (n = 10) (n = 10) 


Values are mean + SEM. 


‘Denotes significant difference (P < 0.05) between suction (12 and 18 french) and balloon. 


‘Denotes significant difference (P < 0.05) between baseline and suction. 


ygen. An arterial catheter was inserted in the left fem- 
oral artery to continuously monitor blood pressure 
(MAP) and another catheter inserted in the abdominal 
aorta via the right femoral artery to obtain blood sam- 
ples for blood gas analysis (Instrumentation Labora- 
tories 1303). Pulmonary artery and left ventricular 
catheters were placed to measure pulmonary artery 
pressure (PAP) and left ventricular end-diastolic pres- 
sure (LVEDP). Heart rate and rhythm were contin- 
uously recorded from lead II of the ECG. The Pao; 
was maintained between 35 and 40 mm Hg by ad- 
justing tidal volume and rate of the ventilator. 

After a 30-min stabilization period, baseline data 
were collected and an arterial blood sample for gas 
analysis obtained. The ventilator was then momen- 
tarily disconnected and 5 ml of mucin (commercial 
mucin powder, Sigma) mixed in a ratio of 1 g mucin 
to 0.4 ml water was injected through a catheter in- 
serted 10 cm into the endotracheal tube. After 30 sec 
of continued positive pressure ventilation, the ven- 
tilator was again disconnected from the endotracheal 
tube and the mucin removed using either a Fogarty 
catheter or suction. The former consisted of passing 
a 6-French Fogarty arterial embolectomy catheter 35 
cm down the endotracheal tube, inflating the balloon 
with 2 ml of air and withdrawing the catheter over 
15 sec. The secretions extracted on the proximal side 
of the balloon were collected into preweighed vials. 
suctioning was performed by passing a 12-French or 
an 18-French catheter (Bard) 35 cm down the endo- 
tracheal tube and then applying suction while with- 
drawing the catheter over 15 sec. The suction appa- 
ratus was set to maintain a displacement of 
approximately 25 L/min and to generate a negative 
pressure of 250 mm Hg. The volume of secretions 
removed was determined by weighing. 

Arterial blood samples were obtained for blood gas 
analysis before the injection of mucin (baseline) and 
immediately after removal of the Fogarty catheter or 
completion of suctioning before reconnection of the 
ventilator. Blood pressure and heart rate were re- 
corded continuously during this period (Gould 2600) 
and the incidence of arrhythmias noted. The endo- 
tracheal tube was cleaned and a stabilization period 


of 15 min was allowed before the experiment was 
repeated. 


Statistics 


Data were analyzed using a two-way analysis of var- 
iance; P < 0.05 was regarded as statistically signifi- 
cant. 


Results 


There were no significant changes in heart rate, blood 
pressure, or pulmonary artery pressure with either of 
the two suction techniques or with balloon extraction. 
No arrhythmias were recorded. The animals made no 
effort to breathe spontaneously during the extraction 
of mucin. Table 1 shows the Pao, levels after suction 
with the 12- and 18-French catheters and with the 
balloon-tipped catheter. The Pao. was significantly 
lower in the two suction groups [520 + 33 mm Hg 
(12 French) and 451 + 31 mm Hg (18 French)] than 
in the balloon group (564 + 10 mm Hg) (P < 0.05). 
The decrease in PaO, in the suction groups was also 
significantly below the baseline levels (599 + 10 mm 
Hg). Balloon removal did not significantly decrease 
Pao, below baseline levels (589 + 11 to 564 + 10mm 
Hg). There was no change in Paco, in any of the 
groups. 

Table 2 shows the volume of artificial secretions 
recovered by the two different methods. The balloon 
technique recovered 4.52 + 0.06 ml of the 5 ml of 
mucin injected compared to the recovery of 1.32 + 
0.17 ml with the 12-French suction catheter and 2.11 
+ 0.44 ml with the 18-French suction catheter. The 
difference between balloon removal and both suction 
catheter groups was significant (P < 0.05), whereas 
there was no statistical difference in the volume of 
secretions removed by 12-French and 18-French suc- 
tion catheters. 


Discussion 
Insertion of an endotracheal tube often stimulates se- 
cretions that require mobilization and/or removal. 


aé 


REMOVAL OF TRACHEAL SECRETIONS 


Table 2. Recovery of Artificial Endotracheal Secretions 





Suction (ml) Balloon (ml) 
12 French 18 French 12 French 
1.32 + 0.17 2.11 + 0.44 4.52 + 0.06 
(26%) (n = 5) (42%) (n = 5) (90%) (n = 10) 


Values are mean + SEM. Numbers in brackets are percentage recovered. 
“Denotes significant difference {P < 0.05) between suction {12 and 18 
French) and balloon. 


Traditionally, this has been accomplished by suction, 
a method associated with complications of which hy- 
poxemia is the most serious (5). The effects of hy- 
poxemia may be reflected by disturbances in cardiac 
rhythm (6) and are more pronounced in the critically 
ill patient (7). Hypoxemia during tracheal suctioning 
is caused by oxygen enriched air being replaced with 
entrained ambient air while varying degrees of neg- 
ative pressure are applied to the lungs (8). The degree 
of hypoxemia depends upon the size of the catheter 
and the ratio between the outer diameter of the cath- 
eter and the inner diameter of the endotracheal tube 
(8). These effects are more pronounced with pro- 
longed suction, a low Flo,, or impaction of the suction 
catheter in a small airway, and they can even occur 
in patients with no known pulmonary disease (9). The 
greater decrease in Pao; after aspiration with the 18- 
French catheter and with the 12-French catheter re- 
flects the fact that greater negative pressure was ap- 
plied to the airways. With the use of the Fogarty 
balloon the only negative pressure is that resulting 
from extracting the volume of gas above the inflated 
balloon. The dogs in this experiment had no cardio- 
pulmonary disease and were breathing 100% oxygen. 
Consequently, acute hypoxemia and hypoxia-in- 
duced cardiac arrhythmias did not occur in spite of 
large decreases in PaO, after suction. Vagal stimula- 
tion secondary to tracheal irritation may also cause 
cardiac arrhythmias (10) but the absence of arrhyth- 
mias in the present study indicates that the animals 
remained adequately anesthetized and oxygenated. 
Although the difference in oxygen tensions before 
and after suctioning resulted in little change in oxygen 
content in the dogs in these experiments, similar de- 
creases in PaO, after suction in patients with pul- 
monary disease can, and have been shown to, result 
in significant hypoxemia (7). We believe the Fogarty 
catheter technique may be of greatest benefit in crit- 
ically ill patients. 

The aim of suctioning or of the use of a Fogarty 
catheter is to remove secretions. In this respect, the 
Fogarty catheter was significantly better than suc- 
tioning (Table 2). Although more secretions were re- 
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moved with 18-French than with 12-French catheters, 
the difference was not statistically significant and any 
possible advantage of the larger catheter was achievec 
at the expense of a greater decrease in PaO2. The more 
viscid the secretions the more likely they will adhere 
to the walls of the tracheobronchial tree and endo- 
tracheal tube. In this situation a suction catheter wil 
preferentially suction a gas rather than a liquid. Ir 
contrast, a balloon-tipped catheter will more easil} 
remove the secretions in its path. 

Another disadvantage of suctioning is the potentia 
for mucosal damage (1,2). While applying suction. 
stripping of the mucosa may occur upon withdrawa 
of the catheter (1). Also, transient bacteremia, whict 
may occur after tracheal suctioning in ventilated neo 
nates, is considered to be a source of septicemia anc 
results from mechanical trauma to the tracheal mu 
cosa, which is then colonized with opportunistic or 
ganisms very early after intubation (11). In this study 
no attempt was made to examine the airways for mu 
cosal damage, although it seems unlikely that a soft 
tipped balloon catheter possesses much potential fo: 
producing mucosal damage. 

During endotracheal tube suctioning, three poten: 
tially undesirable effects occur that may increase in 
tracranial pressure and may result in neurologic de 
terioration (12). They include: 1) a period of apne: 
leading to hypoxemia; 2} variations in intrathoraci 
pressure during hyperventilation and apnea; and 3 
stimulation of the trachea. The increase in ICP during 
suctioning has been attributed more to the stimulatior 
of the trachea, than to an increase in Paco, during 
apnea (13). Balloon removal of secretions, on the othe: 
hand, causes less hypoxemia, does not require prio) 
hyperventilation, and appears to be less traumatic tc 
the tracheobronchial mucosa and may, therefore 
minimize increases in ICP. 

In conclusion, we have demonstrated that remova 
of artificial tracheal secretions can be accomplishec 
with less effect on PaO2 by use of a Fogarty cathete: 
than by use of suction, and that significantly more o: 
the secretions are removed. Use of Fogarty catheter: 
deserves clinical study where its beneficial effects car 
be more fully evaluated. 


The authors thank Miss Sue Luehr for her technical assistance anc 
Mrs. Verna Jasso for preparing the manuscript. 
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JARBE TUC, HILTUNEN AJ, ARCHER T. Lack of effects 
of prenatal exposure to lidocaine upon development of 
behavior in rats. Anesth Analg 1987;66:533—41. 


The objective of this investigation was to study the effects 
of lidocaine upon postnatal development of the rat. Lido- 
caine, 6 mg/kg (21 pmol/kg), was given ta a group of 12 
rats. Injections were administered intramuscularly, bilat- 
erally in the masseter muscles, once a day on days 10 and 
11 of pregnancy. Twelve control rats were given physiologic 
saline. Clinical signs, mortality, body weight, and food 
consumption were recorded during pregnancy and lactation. 
The duration of gestation was also recorded. The develop- 
ment of the offspring was monitored by tests of spontaneous 
activity, nociception, ‘earning ability, and physical devel- 
opment. No clinical signs of adverse reacticns were seen in 


Prenatal administration of neuroactive compounds may 
produce alterations in the behavior of the offspring. 
Some investigators have reported behavioral changes 
in the offspring of pregnant animals exposed to halo- 
thane (1,2). 

A study of neonatal visual preference patterns (3) 
indicated a significant difference between a group of 
human infants exposed prenatally to anesthetics and 
their control group. The infant group prenatally ex- 
posed to local anesthetics attended more to individual 
objects and shifted attention less from object to object. 
It was suggested that prenatal exposure to local an- 
esthetic compounds may alter the later development 
of perceptual and/or cognitive function. In a study in 
rats (4), the offspring of female rats treated with a 
single dose of local anesthetic compounds showed a 
decreased performance in some developmental tests, 
in the performance of an instrumental learning task 
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any of the groups. In the majority of the learning ability 
tests, the control and lidocaine-treated groups showed sim- 
ilar results. However, in the schedule of differential rein- 
forcement of low rates of responding (DRL 20), the lido- 
caine-exposed males received more reinforcements than the 
controls and made fewer resposes. In the tests of nociception, 
a significant difference between sexes was recorded, in that 
the females were more sensitive than the males in the shock- 
titration test. Physical development, as monitored by swim- 
ming ability and spontaneous activity, showed no inter- 
group difference. The present results indicate that prenatal 
exposure to lidocaine fails to result in postnatal impairment 
of the development of behavioral performance of a wide range 
of tasks. 


Key Words: ANESTHETICS, tocat—lidocaine. 


> 


(light/dark discrimination), and in an increased leve 
of motor activity. However, in this study the result 
were not conclusive because the group sizes wer 
very small. 

The objective of this investigation was to study th 
effects of lidocaine upon pregnancy and postnatal de 
velopment of the rat, with emphasis on the effects o; 
maturation and development of the offspring. 

The test compound, lidocaine, is an anesthetic tha 
is most often used in infiltration anesthesia. Rats wer 
used because this species historically has been use: 
in this type of study. Moreover, our laboratory pos 
sesses background data on the particular strain used 
The lidocaine was injected intramuscularly, in th 
masseter muscles. This route of administration anı 
the dose were chosen with an awareness to its clinicz 
usage in dental practice. As a double safeguard, dou 
ble injections were used (days 10 and 11 of preg 
nancy), whereas a previous investigation (4) used onl 
a single injection (day 11). 

The behavioral tests performed in this study wer 
selected as standard for the monitoring of physica 
development, learning ability in both positively anı 
negatively reinforced tasks, and nociception. 


Materials and Methods 
Animals 


Twenty-four female Sprague-Dawley rats (weighing 
245-295 g, aged 110-130 days, from Alab AB, Sollen- 
tuna, Sweden) were used in the experiment. They 
were housed in laboratory conditions with a 12-hr 
light/dark schedule in a room thermostatically main- 
tained at 21 + 1°C, with a relative humidity of 40-80%. 
These rats were mated after acclimatization to labo- 
ratory conditions. The subjects were the litters, both 
sexes, of these rats. 


Experimental Design 


Two groups of 12 mated female rats were given either 
lidocaine or physiologic saline on days 10 and 11 of 
pregnancy. The rats were allowed to litter, and the 
litters were normalized to four pups of each sex on 
day 3. Standard clinical surveillance was conducted 
during pregnancy, delivery, and lactation (see below). 
At weaning (day 25), ten litters from each group were 
selected for further study. Subgroups were created, 
each consisting of one male and one female from each 
litter. The subgroups were selected for developmental 
tests so that subgroup 1 was used for activity mea- 
surements and tests of nociception, subgroup 2 for 
conditioned avoidance responding (CAR) tests, 
subgroup 3 for light/dark discrimination (L/D) tests 
and differential reinforcement of low rates of respond- 
ing (DRL), and subgroup 4 was kept as a reserve.. 
All behavioral tests were performed when the off- 
spring were 60-80 days old. A cross-fostering pro- 
cedure was not applied because the object of the in- 
vestigation was 1) to produce conditions that would 
increase the probability of any behavioral teratologic 
effects by using a double injection procedure and in- 
creasing the number of animals per group, and 2) tọ 
test whether the alterations obtained previously (4) 
could be reproduced (no cross-fostering was used in 
that study). All behavioral tests were performed blind, 
that is, the experimentor was not aware of the pre- 
natal treatment of the animals. 


Mating Procedure 


During the mating period, five females and two males 
were housed together and allowed to mate overnight. 
The day of occurrence of vaginal plug and/or sperm 
in the vaginal smear was considered day 0 of preg- 
nancy. Each day, the mated females were divided 
evenly between control and test groups. Mated fe- 
males were housed individually. 
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Dosing 


Lidocaine hydrochloride (Batch no.105, Astra Läke- 
medel AB, Sweden) was dissolved in physiologic sa- 
line to a concentration of 7.5 mg/ml; 0.8 ml/kg body 
weight was injected intramuscularly, bilaterally in the 
masseter muscles, once a day on days 10 and 11 of 
pregnancy. Control animals received 0.8 ml/kg of sa- 
line. 


Clinical Observations of the Pregnant Rats 


All animals were clinically evaluated. Body weights 
were recorded on day 0 and then every third day 
during gestation and on days 1, 3, 7, 14, and 21 after 
delivery; mean body weight was calculated for each 
group. Food consumption was determined weekly 
except on the days when injections were given, when 
it was measured daily. Food consumption was cal- 
culated as the difference between the food offered and 
the amount remaining in the feeders, the mean daily 
food consumption calculated for each group. Water 
consumption was assessed daily by visual inspection 
of the water bottles. 


Gestation period. The day of delivery, day 0 post- 
parturition, is defined as the day vaginal bleeding is 
observed or the day delivery of the first pup. The 
definition is valid if delivery is completed on the fol- 
lowing morning. 


- Clinical Observations of the Litters 


The litters were examined after delivery for litter size, 
number of living pups, and gross abnormalities. 
Keeping nest disturbance to a minimum, we in- 
spected all litters daily. Litter weights (viable pups) 
and the number of pups in each litter were recorded 
at delivery and again on days 7 and 21. 

On day 3, the litters were normalized to four pups 
of each sex. Some litters contained an insufficient 
number of pups and were therefore complemented 
with pups from another litter within the same group. 
The times of physical developmental milestones, such 
as pinna unfolding, tooth eruption, and eye opening 
were recorded. 


Behavioral Studies of Offspring 


Negative geotaxis. Negative geotaxis was tested on 
5 consecutive days, from day 5. All pups were tested 
in this trial, that is, all members of all litters. The pups 
were placed on a board at a 30° angle to the horizontal 
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plane with their heads downward. The time required 
for the pup to complete a full 180° turn was recorded. 


Activity. Locomotion, rearing, and total activity were 
measured over 30-min periods using Motron Mark 24 
Fc/R instruments, automated devices that utilize pho- 
tocell beams to register activity counts (5). Two ex- 
periments were performed: 1) male and female con- 
trol and lidocaine groups were tested at 60 days of 
age, and 2) male control and lidocaine rats were tested 
at 90 days of age. 


Conditioned avoidance responding (CAR). The two- 
way active avoidance procedure was performed as 
previously outlined (6). 

A shuttle box apparatus consisting of two identical 
compartments with a grid floor was used. Scrambled 
foot shock was delivered through the grid floor (shock 
generators, model 521/C, and scramblers, model 521/5, 
Campden Instruments Ltd., England). Crossings from 
one compartment to the other were detected by four 
photocells (model E35-DS200, Omron Tateisi Elec- 
tronics Co., Japan), and relayed to a PDP11/04 com- 
puter (Digital Equipment Corporation, United States). 
Droppings were collected in a metal tray placed be- 
neath the grid floor, and the shuttle boxes were housed 
in soundproof plywood chambers with windows to 
allow continuous observation of the rats. 

Avoidance and escape responses, failure to re- 
spond, and response latencies for each trial were re- 
corded. The number of intertrial crossings made dur- 
ing the start-up and the number of intertrial crossings 
(ITCs) were also recorded. The avoidance response 
was defined as crossing to the other compartment 
when subjected to a conditioned stimulus (CS). The 
CS was a 10-sec tone signal (1000 Hz). The escape 
response was defined as crossing to the other com- 
partment when subjected to an unconditioned stim- 
ulus (US), which followed the CS if no avoidance 
response had been made. The US was a 5-sec scram- 
bled shock (1.0 mA). Failure to respond was defined 
as absence of any crossing upon the termination of 
CS—US (15 sec). The two-way active avoidance (CAR) 
acquisition training consisted of five sessions of 20 
trials on each of 5 consecutive days. At the start of 
the first or the single session, each rat was placed in 
one compartment of the shuttle box and allowed a 10- 
min period of free exploration prior to the first trial 
(start-up time). The intertrial interval was constant at 
40 secs. 


Tests of nociception Shock-titration testing was car- 
ried out in a specially constructed test box (25 x 26 
x 30 cm, Campden Instruments Ltd.), wired to pres- 


Table 1. Negative Geotaxis after Prenatal 
Lidocaine Exposure 





Latency (sec) 
Control Lidocaine Control Lidocaine 
Day males males females females 
number (48) (48) (48) (48) 

5 16.9 +15 186241.7 179412 17.1417 
6 15.3 +13 152 +12 130+£11 141.11 
7 11.4 + 0.7 11.0 0.9 10.7+0.7 10.4 + 0.7 
8 10.8 + 0.9 11.210 11.6 0.8 $1324 1.5 
9 9.4 + 0.6 8.8 + 0.8 10.7 + 0.6 9.4 + 0.7 
10 9.4 + 0.7 7.5 + 0.9 8.8 + 0.6 8.6 + 1.0 


Male and female pups were tested at 5-10 days of age. 
Values are expressed as group mean + SEM. 
No significant effects of the treatment were obtained. 


ent scrambled foot shock, and balanced upon four 
strain gauges (one at each of the four corners) so that 
a rat’s movements was recorded (7,8). Shocks (0.75 
sec) were delivered to the grid floor of the test box 
by a shock generator and shock scrambler (models 
521/E and 521/5S, Campden Instruments Ltd.). Titra- 
tions were continued upward or downward, depend- 
ing on nonresponse or response at the 50-, 75-, 100-, 
125-, 150-, 175-, 200-, 250-, and 300-uA intensities in 
a stepwise, incremental manner, after a 3-min habit- 
uation to the box. 

Hot-plate testing was conducted with an analgesia 
meter (model 35, IITC Inc., United States) as de- 
scribed elsewhere (9). The animals were adapted to 
the test procedure by a prior exposure to the test 
apparatus. During testing, the rats were confined to 
the hot plate set at 58 + 2°C, by a Plexiglas chamber 
(27 X 28 x 26 cm). Time to onset of licking of the 
paws or the vigorous shaking of a paw was recorded. 

The tail-flick test was conducted with an analgesia 
meter (model 33, HTC Inc.), as described previously 
(10). The rats were adapted to the restraining tube on 
each of three consecutive daily 10-min sessions on the 
3 days before testing. During testing a rheostat-con- 
trolled light beam was focused on the tip of the tail 
and the time from the onset of the heat stimulus to 
the flick of the tail was recorded on two occasions 
(tail-flick latency). 


Light/dark discrimination. Rat test cages (model 
No.410, Campden Instruments Ltd.) were used. The 
animals (total number of animals was 36, with nine 
animals per group) were deprived of food to 80% of 
their free-feeding weights and shaped to bar press, 
the reinforcer being a liquid diet consisting of egg, 
sugar, 0.9% saline, and tap water (1:50 g:50 ml:50 ml). 
The animals were weighed both before and after ses- 
sions and the standard diet was provided after ses- 
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Table 2. Spontaneous Motor Activity after Prenatal Lidocaine Exposure 
Control males Lidccaine males Control females Lidocaine females 
First experiment: 
Locomotion 47 + 8 45.5 + 11 50.5 £9 42.5 +3 
Rearing 223.5 + 55 253 + €0 325 + 62 286 + 47 
Motility 3094 + 270 3179 + 607 2918 + 526 2708 + 159 
Second experiment: 
Locomotion 42 + 5.5 41 + 6.6 — — 
Rearing 210 + 29 217-32 ~— = 
Motility 3214 + 265 3138 + 284 s = 





Male and female rats were tested at either 60 days (first experiment) or 90 days (second 2xperiment) of age. 
Values are expressed as median + quartiles of the total number of counts per animal over the 30-min period in the activity cages. 


No significant effects of treatment were obtained. 


sions, if necessary, to maintain rats at the initial 80% 
free-feeding weight. 

After initial shaping, the animals received 100 re- 
inforcements per day for 3 days on a continuous re- 
inforcement schedule (CRF) before being shifted to 
the discrimination schedule. Discrimination consisted 
of successively alternating 60-sec light-on and light- 
off conditions. Under the light-on condition, each bar- 
pressing response was reinforced. Under the light-off 
condition, bar presses were not reinforced. The ani- 
mals were tested for 30 min per day for 7 consecutive 
days. Light-on was the first condition on all days. 


Differential reinforcement of low rates of responding 
(DRL). Approximately 1 month after completing the 
L/D discrimination, rats were given DRL training 
through a successive approximation procedure using 
the same cages as above. In this experiment, all ses- 
sions were conducted in the lighted-box condition. 
The animals (the total number of rats were 36, of 
which nine were assigned to each group) were given 
a CRF schedule on one day. Then it was necessary 
for the rats to withhold a bar-pressing response in 
order to be reinforced; that is, they were introduced 
to the DRL schedule in which only responses that had 
been withheld for a given length of time were re- 
warded. The time the bar pressing had to be withheld 
was successively increased from 1 sec with increments 
of about 2.5 secs per session until DRL-20 was in effect 
where at least 20 secs must have elapsed since the 
last bar press in order to lead to access to the rein- 
forcer. After this, 14 days of DRL-20 training followed. 
As indicated earlier, supplementary feeding was done 
with the regular diet and the reinforcer was the egg 
mixture described. Animals were trained once daily, 
5 days per week. 


Swim maze. The swim-maze test was carried out as 
described by Morris (11), with minor modifications. 
The swim maze was a circular bath (diameter 140 cm) 


thermostatically controlled at 25°C. The bath included 
a platform 1 cm below the water level. Milk powder 
was added to the water to prevent the rats from seeing 
the platform. Before testing, all rats were given swim 
training, for which the platform was removed and the 
animals allowed to swim for 60 secs. During the train- 
ing, the swimming ability of each rat was recorded. 

After the platform had been placed at a particular 
position within the pool, each animal had five trials 
on 3 consecutive days. In each trial, the rats were 
placed at the same point in the bath and allowed to 
swim around to find the platform and escape from 
the water onto it. If the rat failed to find the platform 
within 65 secs, it was put there manually. On reaching 
the platform, the rats were allowed to remain on it 
for 30 secs (intertrail interval) before being placed in 
the water again for next trial. After the fifth trial, each 
animal was placed in a cage with a blow dryer that 
blew warm air toward it. Thus care was taken that 
each animal was allowed to dry itself completely be- 
fore being replaced in its home cage. In addition to a 
drawing of the swim path of each rat on each trial, 
two measures of performance were recorded: 1) the 
time required to reach and climb onto the platform 
and 2) the number of failures where the animal did 
not reach the platform during the 65-sec swimming 
period. 


Statistical Analysts 


Data from the mothers and litters before weaning were 
analyzed statistically on a litter basis by means of 
group, and the groups were examined statistically by 
means of the nonparametric Wilcoxon rank test (12) 
and a two-tailed criterion. After weaning, individual 
pups were used as a statistical base and the results 
evaluated by a two-way analyses of variance (AN- 
OVA). When group sizes were unequal, nonpara- 
metric Kruskal-Wallis or Mann-Whitney U-tests were 
used (13). Parametric Tukey’s HSD test was used in 
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Table 3. Conditioned Avoidance Responding CAR) after 
Prenatal Lidocaine Exposure 





Control Lidocaine Control Lidocaine 

males males females females 

(n = 6) {n = 10) (n = 6) (n = 10) 
Avoidance responses 
Day 61 3+ 6 2o] 10 + 11 12 
Day 62 10 + 11 7 +6 19 + 11 8 + 10 
Day 63 99 16 +7 23 + 10 21 + 10 
Day 64 14+ 8 1449 26 + 6 24 +9 
Day 65 22 7 1948 POS 26 45 
Escape responses 
Day 61 1&5 20 + 6 14 + 10 21 +6 
Day 62 5-7 19 + 6 12 +4 IL 7 
Day 63 14 + 10 + 4 5 = 6 9+ 8 
Day 64 16 + 8 ys 9 5246 10 il 
Day 65 $27 1229 6+5 9+ 12 
Failures to respond 
Day 61 99 525 1+4 5-26 
Day 62 4+5 32-3 123 2+4 
Day 63 2+6 34 224 L +2 
Day 64 0 0 0 0 
Day 65 0 0 0 0 


Male and female rats were tested at 61-65 days of age. 
Values are expressed as medians + quartiles. 


the evaluation of negative geotaxis, L/D discrimina- 
tion, and DRL (14). 


Results 
Clinical Observations of Mother Rats 


No signs of dysfunction were observed that could be 
related to the treatment with the test compound. There 
was no difference in mean body weight gain, mean 
food consumption, or water consumption between 
the test and control groups. Duration of gestation had 
the same distribution between 21 and 22 days in both 


groups. 


Clinical Observations of the Litters 


No intergroup differences in litter size or pup loss 
were observed, nor could intergroup differences in 
mean pup weights be detected at birth or on days 7 
and 21. All pups in both groups showed unfolded 
pinnas on day 4 and opened eyes on day 17. Tooth 
eruption occurred on days 11 or 12 in all pups, though 
on day 12 in two more litters in the control group 
than in the lidocaine-treated group. 


Behavioral Studies on the Pups 


Negative geotaxis. There was no difference in laten- 
cies between the two groups, and no effect of lido- 
caine treatment (Table 1}. 
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Table 4. Tail-Flick, Hot-Plate, and 


Shock-Titration Responding 
Control Lidocaine Control Lidocaine 
males males females females 
Tail-flick test (sec) 
Median 4,20 4.20 4.25 4.10 
Q + 0.53 + 0.45 + 0.38 + 0.43 
Hot-plate test (sec) 
Median 5.0 5.0 5.0 6.0 
Q + 1.0 + 15 + 0.5 + 1.0 
Shock-titration test (pA) 
Median 225 250 162.5 175 
Q + 25 = 50 +25 + 13 


Male and female rats were tested at 70 days of age on all three tests of 
nociception. 

Female rats showed significantly lower shock thresholds. No significant 
effect of treatment was obtained. 


Activity. 1) Locomotion: Locomotion counts showed 
no statistically significant differences between the 
groups. Males from lidocaine-treated mothers showed 
slightly more counts than controls, and in females the 
counts were less than in controls. 2) Rearing: No sta- 
tistically significant differences between the groups 
were recorded. Lidocaine-treated males showed slightly 
more counts than control animals, but females less. 
3) Motility: No statistically significant difference was 
recorded. Lidocaine-treated animals of both sexes 
showed slightly more counts than their respective 
controls (Table 2). 


Conditioned avoidance responding. Lidocaine had no 
statistically significant effect on conditioned avoid- 
ance responding (CAR) in either sex. Pups of both 
groups reached a very good level of responding, al- 
though the performance of female rats was slightly 
but not significantly better than that of males. Percent 
CARs during the fifth and final sessions were control 
males 73%, lidocaine males 63%, control females 82%, 
and lidocaine females 87% (Table 3). 


Tests of nociception. Perinatal lidocaine treatment 
had no effect in any of the tests. There was, however, 
a significant sex difference in the shock-titration test 
(Mann-Whitney U-test, P < 0.01), female rats show- 
ing flinch-jump responses at significantly lower shock 
intensities than male rats, regardless of treatment (Ta- 
ble 4). 


Light/dark discrimination. Lidocaine-treated males 
tended to perform slightly better in the L/D discrim- 
ination task than controls, but not significantly so; 
that is, the lidocaine males made consistently more 
bar pressures during the light period. During the dark 
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Table 5. Group Mean Values for Response Latency in the Light/Dark Discrimination Task after Prenatal 
Lidocaine Exposure 
Control males Lidocaine males Control females Lidocaine females 
Day 1 10.4 + 2.6 8.5 + 3.1 5.0 + 1.2 8.4 + 2.0 
Day 2 9.0 + 2.1 8.3 + 2.7 7.7225 17 221 
Day 3 21.1 + 11.6 4.9+41.5 14.5 + 3.2 12.7 + 3.9 
Day 4 11.6 + 3.9 250 U5 4.8 + 1.1 5.4 + 2.9 
Day 5 Are 21 S23 3.1 + 0.5 4.4 + 0.8 
Day 6 94 +4 4.5 6.1 + 3.0 4.9 + 1.7 4.6 + 0.8 
Day 7 18.4 + 12.2 11.9 + 6.5 3.0 + 0.5 2.4 + 0.4 
Mean. over period 12.4 6.8 6.1 6.5 
Male and female rats were tested at age 65-70 days. 
Values are expressed as mean + SEM. 
t-Test contro! males vs lidocaine males (t = 2.33, P < 0.01) for the mean over all 7 days. 
Light 
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Figure 1. Light/dark discrimination test. Lidocaine and control rats 
were reinforced for responding during the light phase but nat 
during the dark phase. O--O, control and +— +, lidocaine-treated 
animals. Differences between controls and treated animals in either 
males or females were not statistically significant. 


period, no consistent trends emerged. For the latency 
data (Table 5), there was a significant group effect 
[F(323) = 3.5], resulting from a significant longer 


latency by the control males over all 7 days. No dif- 
ference was observed in the female rats (Fig. 1). 


Differential reinforcement of low rates of responding. 
Male control rats showed a significantly higher rate 
of responding and thus obtained a lower number of 
reinforcements than the males in the lidocaine-treated 
group. Thus ANOVA showed a significant group ef- 


PRENATAL LIDOCAINE EXPOSURE AND BEHAVIOR 


MALES 
DRL — Reinforcements 


tne l 


"i a 
fo 


a 


Reinforcements per session 
\ 








Se 
1-2 3—4 5-6 7-8 9-10 11-12 13-14 
Sessions 
200 DRL — Responses 
a o D 
Biia ES. oe 
160 Fe 4 + 
— 
eeen f- 





[E a A N a CAN e E a el 
1-2 3—4 5—6 7-8 9-10 11-12 13-14 
Sessions 


fect [F(3,209) = 7.1], resulting from a greater number 
of reinforcements in lidocaine males than in control 
males. In female rats, there was no significant differ- 
ence between the groups, but a clear trend by which 
the lidocaine rats received more reinforcements (Fig. 
2). The mean number of reinforcements by each group 
over all 7 days was as follows: lidocaine males = 24.5, 
control males = 14.8, lidocaine females = 19.6, con- 
trol females = 17.5. 


Swim maze. No differences between groups were 
recorded. In both groups, a reliable and consistent 
acquisition of the spatial orientation task and a good 
swimming ability were observed (Table 6). 


Discussion 

The present findings show no evidence of behavioral 
deficits or consistent alterations as a result of prenatal 
treatment with lidocaine (6 mg/kg) on gestation days 
10 and 11. The results can be summarized as follows: 


1. Development of negative geotaxis was essentially 
the same in the offspring of both saline- and lid- 
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Figure 2. DRL-20, reinforcements and responses. Lidocaine an 
control rats were reinforced only when responding had been with 
held for a 20-sec period. O—O, control and +— +, lidocaine-treatex 
animals. Control males showed a significantly higher rate of re 
sponding, SEPA Big a lower number of reinforcements. This ma’ 
be considered to be a random effect of population. 


ocaine-treated dams, whether the pups were mal 
or female. 

2. No significant differences in spontaneous moto 
activity emerged, nor were there any consisten 
trends. 

3. All four groups (control males and females; lido 
caine males and females) showed good CAR ac 
quisition, though female rats generally performec 
better than males. 

4. Females also demonstrated lower shock threshold: 
than male rats but no differences were apparen 
in the hot-plate and tail-flick tests. Neither CAE 
acquisition nor pain sensitivity was affected by pre 
natal lidocaine. i 

5. Although lidocaine males were slightly better thar 


Table 6. Swim Maze Acquisition after Prenatal 
Lidocaine Exposure 


Control Lidocaine 

Day 91 

Latency + SEM 40 + 10 46 + 2 

=6y fia a | 3+05 
Day 92 

Latency + SEM E9 df OS 

=65" 0+ 0.5 0 + 0.25 
Day 93 

Latency + SEM 10 + 4.5 8+2 

=6y 0 0 


Male rats were tested at age 91-93 days. 

Values are expressed as means + SEM. 

*=69 = number of trials within a session during which the rat failed to 
locate the platform over the 65-sec swim period. 


control males on the L/D discrimination task, the 
differences were not statistically significant. 

6. The DRL task was associated with a significantly 
better withholding response in lidocaine males than 
in control males, as a result of which the lidocaine 
males received significantly more reinforcements; 
the female rats demonstrated the same trend, lid- 
ocaine females receiving slightly though nonsig- 
nificantly more reinforcements. It is interesting to 
note that whereas control males were comparable 
to control females, the lidocaine males performed 
consistently better than lidocaine females. It can- 
not be argued that lidocaine males withheld re- 
sponding better than the controls as a result of 
some type of “response suppression” since the 
same rats produced more bar presses during the 
reinforced light condition of the L/D discrimination 
test. It is possible that the better performance of 
the lidocaine males is a random effect of popula- 
tion; that is, the rats in that particular group of 
male rats simply adapted more suitably to the op- 
erant schedule. 

7. Finally, there was no effect of lidocaine treatment 
on the swim maze task in which both lidocaine 
and control rats learned to locate the submerged 
platform quite rapidly. 


Previous findings have suggested a difference in 
the performance of cognitive tasks by newborn babies 
of mothers given local anesthetics during pregnancy 
as compared with the babies of untreated mothers (1), 
and the recent paper by Smith et al. (4) indicated the 
possibility of a deficit in the performance of the L/D 
discrimination task by offspring of lidocaine-treated 
dams. In the present study, no evidence of a discrim- 
ination deficit in a similar operant task was seen; if 
anything, lidocaine males tended to perform better 
than controls. These investigators also obtained al- 
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terations of negative geotaxis and motoractivity; nei- 
ther of these effects were produced in the present 
investigation. In a second study (15), it was found 
that the offspring of lidocaine rats were deficient in 
the acquisition of a water maze task and showed longer 
tail-flick latencies, but neither of these effects appear 
to be confirmed by the present investigation. It is 
interesting to note that the most taxing cognitive task 
employed, the DRL-20 schedule, resulted in a signif- 
icantly better performance by lidocaine male rats. 
However, it would be foolhardy to suggest that this 
effect was due to prenatal treatment. It is most likely 
that the individuals composing this group were quicker 
to adapt from a continuous reinforcement schedule 
to the DRL-20 schedule for reasons unrelated to the 
treatment. The most consistent finding obtained here 
is that the performance of female animals differed in 
several instances from males, but this result was nei- 
ther novel nor unexpected. 

In conclusion, the results demonstrate that even 
two injections of lidocaine to pregnant rats on con- 
secutive days fail to affect the later development of 
the behavioral repertoire and cognitive abilities of male 
and female offspring. 


The authors thank Dr. P.-O. Swärd, Doc Hans Selander, and Dr. 
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port concerning this study, and Ms. Eva Vanerman and Ms. Helene 
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Is Fentanyl an Anesthetic in the Dog? 


Peter L. Bailey, MD, J. David Port, BS, Scott McJames, BS, Lily Reinersman, BA, MT (ASCP), 


and Theodore H. Stanley, MD 


BAILEY PL, PORT JD, McJAMES S, REINERSMAN L, 
STANLEY TH. Is fentanyl an anesthetic in the dog? 
Anesth Analg 1987;66:542-8. 


The authors used the absence of vocalization and movement 
during application of a hemostat clamped to the first ratchet 
at the base of the tail as an indication of anesthesia for 
evaluation of the anesthetic properties of fentanyl in the dog. 
Eighty-six unpremedicated, unrestrained, untrained mon- 
grel dogs were given one of eight dcses of fentanyl citrate 
(125, 250, 500, 750, 1000, 1500, 2000, and 3000 pg/kg) 
as a single intravenous bolus injection. Dogs breathed spon- 
taneously without oxygen supplemeniation. Anesthesia was 
assessed every 5 min until absence of anesthesia was recorded 
for two consecutive evaluations. Venous plasma samples 
were obtained in two or three dogs receiving each of the 
doses of fentanyl 5 min after fentanyl injection and again 
when application of the tail clamp elicited either vocalization 
or movement (positive response). Fentanyl resulted in re- 


A high dose of fentanyl (50-150 ug/kg) with or with- 
out sedative or hypnotic supplements is frequently 
used for anesthesia in patients undergoing cardiac, 
vascular, and other long or difficult operations (1,2). 
The popularity of fentanyl “anesthesia” for these pa- 
tients has resulted in numerous recipes of adminis- 
tration and has produced a potpourri of clinical find- 
ings, problems, opinions, and controversies (2). One 
of the most important of these is whether fentanyl, 
or any opioid, should be considered an anesthetic (3). 
To explore this question, many investigators have used 
animal models, chiefly the dog and rat, for their ex- 
periments (4,5). Our experience with opioids in a va- 
riety of mammals suggests that most, including the 
dog, are not good animal models for opioid evaluation 
because dosage requirements and responses are so 
different than in humans (6,7). The objective of this 
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cumbency in all animals except two receiving 125 pg/kg. 
Although all doses of fentanyl produced anesthesia in at 
ieast one animal 5 min after injection, the duration of anes- 
thesia was short, responses unpredictable, and anesthesia 
achieved in all animals only with a dose of 3000 pg/kg. 
Increasing doses of fentanyl resulted in higher plasma fen- 
tanyl concentrations 5 min after injection and at the time 
of the first positive response to tail clamp but there was 
great variability. All doses of fentanyl caused statistically 
significant decreases in heart and respiratory rates but none 
produced apnea or a Paco, higher than 67 mm Hg. All 
dogs surotved without sequelae. The data demonstrate that 
fentanyl can produce anesthesia in the dog but that require- 
ments vary enormously and are extremely high in some 
animals and duration is short. 


Key Words: ANESTHETICS, 
tanyl. ANALGESICS—fentanyl. 
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study was to determine whether fentanyl was capable 
of producing anesthesia in the dog. In addition, we 
attempted to calculate the anesthetic EDs) and to mea- 
sure the duration of anesthesia after a single, intra- 
venous bolus injection of fentanyl. 


Methods 
Eighty-six healthy mongrel dogs weighing 20-30 kg, 
served as the experimental subjects. The dogs were 
unpremedicated, unrestrained, untrained, used only 
once, and had food removed at 4:00 PM the day before 
study and water removed 2 hr prior to study. Exper- 
iments were scheduled to begin between 9 and 10 AM 
and dogs were randomly allocated to receive one of 
eight doses of fentanyl citrate (125, 250, 500, 750, 1000, 
1500, 2000, 3000 g/kg) as a single intravenous bolus. 
These eight doses are equivalent to 80, 159, 318, 477, 
637, 955, 1273, and 1910 ng/kg of fentanyl as the base. 
Upon arrival in the laboratory, each animal had an 
18-gauge plastic catheter with a heparin lock inserted 
into an extremity vein. After this, control heart and 
respiratory rates (via auscultation and observation of 
the chest and abdomen) were recorded and a femoral 
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Table 1. Percent Dogs Anesthetized (Negative Response 
to Tail Clamp) According to Dose and Time after 
Injection of Fentanyl 





Minutes after injection 


Dose* 

(ug/kg) 5 15° 30 60 90 120 
125 10 0 0 0 0 0 
250 80 50 20 0 0 0 
500 50 30 20 10 0 0 
750 80 60 60 20 10 10 

1000 60 20 10 0 0 0 
1500 60 40 30 10 0 0 
2000 85 62 39 8 8 0 
3000 100 77 54 46 23 8 


“Fentanyl as the citrate salt. 
‘Test for linear trends P < 0.005. 


arterial blood sample (2 ml) obtained (via percuta- 
neous puncture) for measurement of Pao, Paco, 
and pHa using a Radiometer Copenhagen ABL-1 blood 
gas machine. After a 5-min stabilization period, one 
of the eight doses of fentanyl was rapidly injected 
intravenously. The dogs were not intubated, received 
no respiratory assistance, and breathed rocm air (FIO2 
= 0.21) throughout the study. Heart and respiratory 
rates were recorded every 5 min for the first 30 min 
after injection of fentanyl and then every 15 min for 
the next 90 min. Additional arterial blood samples for 
blood gas analysis were obtained before (as men- 
tioned above) and every 15 min after injection of fen- 
tanyl for 1 hr and every 30 min for the second hour 
(or until the animal resumed a standing position). 

Anesthesia was defined as the absence of pur- 
poseful movement or vocalization to the application 
of a 10-inch hemostat clamped to the first ratchet at 
(or as close as possible to) the base of the tail for 30 
sec. The tail was moved continuously with the he- 
mostat for the duration of stimulation. After injection 
of fentanyl, time to onset and duration of ataxia and 
recumbency were recorded for each dog. Ataxia was 
defined as the inability to stand on all four extremities 
without support or the presence of an abnormal 
(stumbling) gait. After becoming fully recumbent, 
anesthesia was assessed every 5 min for the first 15 
min after fentanyl injection and every 15 min there- 
after until positive responses (absence of anesthesia) 
were recorded for two consecutive evaluations. 

Time-related anesthetic EDs g values were calcu- 
lated 5 and 15 min after fentanyl administration using 
stepwise logistic regression. A time-related anesthetic 
EDso is defined as the dose of fentanyl necessary to 
prevent movement in 50% of animals at a specific time 
after injection of the drug. Thus, a 5-min ED» is the 
dose preventing movement in 50% of animals 5 min 
after injection. 


Table 2. Dose, Plasma Fentanyl Concentration, and Tail 
Clamp Response 5 Min after Injection 


Dose Plasma concentration Tail clamp 

(ug/kg) (ng/ml) response" 
125 44 + 
125 47 + 
250 25 — 
250 82 — 
250 110 _ 
500 132 — 
500 166 + 
750 110 — 
750 230 + 
750 502 — 
1000 187 _ 
1000 198 + 
1500 272. — 
1500 296 + 
1500 323 + 
2000 390 — 
2000 465 + 
2000 760 — 
3000 820 = 
3000 695 — 
3000 850 — 

"4 = positive nse (movement) upon tail clamp; — = negative 


response (no movement) upon tail camp. 


Venous blood samples (7.0 ml) were obtained from 
two or three dogs in each fentanyl dosage group for 
analysis of plasma fentanyl concentrations. Blood 
samples were obtained 5 min after injection of fen- 
tanyl and when the response to tail clamp first became 
positive. Plasma was separated by centrifugation and 
fentanyl (concentrations expressed as the base) ex- 
tracted with a mixture of hexane and ethanol (volume 
ratio 19:1). Plasma fentanyl was measured by a cap- 
illary gas chromatography—chemical ionization mass 
spectrometric (CGC/CIMS) method that employed a 
Finnegan 4500 gas chromatograph/mass spectrometer 
linked to a Finnegan INCOS data system. Chro- 
matographic separation was achieved using hydrogen 
as a carrier gas (60-100 cm/sec) and a DB5-15W col- 
umn with a 1-uM film thickness. Methane and am- 
monia were the reagent gases for the mass spectrom- 
eter. The complete venous blood sample was injected 
and injection temperature was 265°C. Column tem- 
perature was programmed at 170°C for 0.5 min and 
then increased by 23°C/min to 300°C. Transfer line 
temperature was 230°C and ion chamber temperature 
120°C. Carfentanil was used as an internal standard 
and the current monitored at m/z 337 for fentanyl and 
at m/z 395 for carfentanil. Quantitation was achieved 
by measuring the peak height ratio of fentanyl to car- 
fentanil (internal standard). The lower limit of sen- 
sitivity was 0.2 ng/ml with the standard curve being 
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linear between 2.0 and 20 ng/ml (r? = 0.9996). Higher 
concentrations were diluted until measured values fell 
between 0.2 and 20 ng/ml. The coefficient of variation 
at 34 ng/ml was 4.6% within each daily run and 6.0% 
overall. 

Data were analyzed for statistical significance uti- 
lizing the BMDP statistical package of the University 
of California at Los Angeles in a DEC PDP 11/73 com- 
puter (BMDP Statistical Software, Department of 
Biomathematics, UCLA. Berkeley, CA: University of 
California Press, 1981.). Differences between groups 
at individual points in time were determined by one- 
way analysis of variance for overall group differences 
and by Bonferroni t-tests for individual between-group 
differences. Time-related changes in groups were tested 
by either paired or unpaired t-tests as appropriate. 
EDso values were calculated by logistical regression 
and correlations for dose effect on anesthetic action 
by tests for linear trends. 


Results 


There were ten dogs in all dosage groups except the 
2000 and 3000 g/kg groups, which had 13 dogs each. 
Fentanyl produced ataxia in all dogs within 30 sec and 
full recumbency in all but two animals (both given 
125 pg/kg) within 90-120 sec of injection. Although 
all doses of fentanyl produced anesthesia in at least 
one animal in each dosage group 5 min after injection, 
duration of anesthesia was short and responses vari- 
able (Tables 1 and 2). In general, increasing doses af 
fentanyl resulted in a higher incidence and longer 
duration of anesthesia (P = 0.003; test for linear trends; 
Table 1). However, anesthesia was achieved in all 
animals only with 3000 ug/kg of fentanyl. Even after 
this dose, anesthesia was short-lived as 46% of ani- 
mals responded to tail clamp stimulation 30 min after 
injection. Calculated anesthetic EDs values 5 and 15 
min after fentanyl injection were 329 and 1515 ug/kg, 
respectively. 

Increasing doses of fentanyl resulted in higher 
plasma fentanyl concentrations 5 min after injection 
(Table 2) and at the time of the first positive response 
to tail clamp (Table 3), but there was marked varia- 
bility. Although plasma fentanyl concentrations above 
500 ng/ml were always associated with anesthesia (ab- 
sence of a positive response to tail clamp), concen- 
trations as high as 465 ng/ml 5 min after injection were 
not. In contrast, a plasma fentanyl concentration as 
low as 25 ng/ml 5 min after injection resulted in no 
response to tail clamp in one dog receiving 125 g/kg 
of the opioid. 

All doses of fentanyl produced marked and statis- 
tically significant (P < 0.005) decreases in heart rates 
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Table 3. Time and Fentanyl Plasma Concentration at 
Time of the First (+) Tail Clamp 


Dose Time (min) Plasma concentration 
(ug/kg) after fentanyl (ng/ml) 
125 5 44 
125 5 47 
250 10 27 
250 10 41 
250 10 83 
500 10 58 
500 5 166 
750 10 41 
750 10 59 
750 5 230 
1000 10 112 
1000 5 198 
1500 5 296 
1500 5 323 
1500 20 116 
2000 5 465 
2000 15 205 
2000 20 275 
3000 15 390 
3000 20 331 
3000 60 238 


(Table 4). Significant depression of respiratory rate 
occurred 5 min after all doses and magnitude and 
duration were dose related (Table 5). Similarly, all 
doses of fentanyl significantly increased arterial CO, 
and decreased Pao, 15 min after injection (Table 6). 
Animals given 1000 g/kg or less had significantly less 
increase in Paco, than did dogs receiving 3000 ug/kg 
(P < 0.05; Table 6). All dogs survived without seque- 
lae. 


Discussion 


The results of this study demonstrate that while cer- 
tain doses of fentanyl (125 ug/kg of fentanyl citrate) 
are capable of blocking somatic responses (purposeful 
movement) to painful stimulation in some sponta- 
neously breathing mongrel dogs, much greater doses 
(3000 ug/kg) are necessary to ensure nonresponsive- 
ness in all animals. Furthermore, the data indicate 
that as an anesthetic in the dog, fentanyl is short- 
acting even after very large doses. In addition, large 
doses of fentanyl are not associated with respiratory 
arrest or profound changes in arterial blood gas ten- 
sions in the dog, although respiratory depression is 
clearly evident with all doses of the opioid. Although 
respiratory depression was dose dependent in this 
study, maximal decreases in heart rate occurred after 
125 ug/kg or more. Our findings also show that in- 
creasing doses of fentanyl result in increased plasma 
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Table 4. Heart Rate (Beats/Min) before and at Various Times (Min) after Fentanyl (Mean + SEM) 








Fentanyl 

(ug/kg) Before 5 15 30 60 90 120 
125 102 + 7 Bd F 59 + 7 66 t F 64 + & 72 + 16 80 + 24 
250 100 + 5 Mty 58 + 4" 64 + 3 63 + 6 62.2.5 81 + 11 
500 86 + 3 44 + 4 48 + 4" 51 + 4° 52 oe ot 542% 61 + 4" 
750 109 + 7 Bit 51 + 3 58 + 5 54 + 2 54 + 2* 64+ 3 
1000 113 + 8 EF 57 ae 1" 59 + 3 61 + 3 63 + 4* 66 + 5* 
1500 104 +5 50 + 5 51 + 3 48 + 2 50 4 7 Oe 54 + 4 
2000 127 + 14 59 + F 564+ 3 59 + 7” 54 + 4 D8 =e" 68 + 10° 
3000 933 +5 57 = 4 56 + 3° 58 + 4* 54 + 2 57 + 4 60 + 4" 
See results for explanation. 


“P < 0.05 compared with baseline values. 


Table 5. Respiratory Rate (Breaths/Min) before and at Various Times (Min) after Fentanyl (Mean + SEM) 


Fentanyl 

(g/kg) Before 5 ES 
125 117 + 24 29 + 9 120 + 22 
250 78 + 20 16 + 4 42 + 12 
500 60 + 18 16 + * 33 + 14 
750 139 + 25 17 + 6 28 + 9% 
1000 130 + 18 21 + 4 3447 
1500 72 + 16 10 + 2 16 + 8 
2000 110 + 20 lly 15-3 
3000 63 + 22 8 +1 10 + 2 
See results for explanation. 


30 60 90 120 
124 + 21 131 + 19 107 + 48 75 + 45 
63 + 16 74 + 19 58 + 17 55 -25 
47 + 15 59 + 20 54 + 20 44+ 16 
38 + 11° 31 + 8 38 + 12 24 + 4° 
50 + 15 84 + 21 60 + 15* 53 + 14* 
22 = g 23 + 10° 23 + 9 22 + & 
29 E 28 + 6 EF 34 + 13" 
23 t 7r 36 + 12 43 + 15 PA am 7 


“Data points statistically different from their respective baseline values, P < 0.05. 


fentanyl concentrations not only shortly after injec- 
tion but also at the time of the first positive response 
to painful stimulation; however, again there was much 
variability. 

Our results and conclusions are different than those 
of two other recent reports addressing the same sub- 
ject. Arndt et al. (5) administered a total of 167.5 ug/kg 
of fentanyl in five incremental intravenous boluses at 
5-min intervals to spontaneously breathing dogs. Al- 
though they observed similar degrees of respiratory 
depression as we did in this study, they also found 
that fentanyl was capable of totally blocking all so- 
matic and cardiovascular responses to painful tail clamp 
stimulation after as little as 67.5 ug/kg (producing a 
plasma fentanyl concentration of 31 + 0.8 ng/ml). 
They also observed that additional fentanyl (100 ug/kg, 
producing a plasma concentration of 453 + 2.3 ng/ml) 
caused no further cardiovascular or respiratory change. 
As a result, they concluded that the respiratory, car- 
diovascular, and analgesic effects of fentanyl occur in 
parallel and reach a maximum at a plasma concen- 
tration of 30 ng/ml. In contrast, Murphy and Hug (4) 
attempted to achieve a plasma concentration of fen- 
tanyl that would totally eliminate the need for en- 
flurane to block somatic responses to tail clamp stim- 
ulation in mechanically ventilated dogs anesthetized 


with enflurane. They administered up to 270 pg/kg 
of fentanyl as a loading dose and maintained plasma 
concentrations of fentanyl as high as 97 + 32 ng/ml 
with a continuous infusion of 3.2 ugkg`'min~ +. They 
found that these high doses produced fentanyl plasma 
concentrations that reduced the MAC of enflurane by 
65% at most. The authors concluded that there is a 
ceiling to the effectiveness of fentanyl as an anesthetic - 
in dogs. 

It is unclear why there should be such different 
results and conclusions in our own study and these 
previous publications. Possible explanations for those 
differences could include different injection tech- 
niques (infusions or multiple small bolus injections 
versus a single injection), experimental subjects (trained 
versus untrained dogs), methods of ventilating the 
experimental subjects, techniques of administering and 
evaluating a supramaximal painful stimulus, and the 
use of other anesthetics (enflurane). 

A number of recent reports provide evidence that 
continuous infusion or multiple intermittent boluses 
of fentanyl are associated with the onset of tolerance 
to fentanyl in less than 3 hr in dogs and in humans 
within a few hours to a few days (8-10). The rate and 
degree of development of tolerance to opioids seem 
to depend on the magnitude of the dose and, with 


Table 6. Arterial Blood Gas Tensions (mm Hg) (Mean + SEM) 
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Fentanyl Baseline 15 min after fentanyl 60 min after fentanyl 
(ug/kg) Paco, Pao, Paco2 Pao, Paco, Pad) 
125 30 + 1 67 + 3 41 + }* 55 + 4 40 + 4° 67 + 4 
250 30 + 1 72: 2 4] + > le 7 42 + 1° 67 + 3 
500 30 +1 75 +1 45 + 1" 50 + 3 49 + 3 56 + 3 
790 28 + 1 7441 BET 43 + 1* 45 + 2 58 + 2 
1000 27 +1 71 +3 45 + 14 43 + 3 46 + 2 55- 1 
1500 29 +1 69 + 2 47 +3 43 + 3" 51+ 2 49 + 2 
2000 28 +1 72 + 4 46 + I" 452 ¥ 49 + I 55. 2 F 
3000 30+ 1 69 +3 53.2)" 41 + 1* Sl 2 50 + 7 





“Data points statistically different from their respective baseline values (P < 0.05, Student’s paired t-test). 


multiple doses, the time interval between doses (11,12). 
Tolerance to opioids develops more rapidly when large 
doses are used, when intervals between doses are 
short enough that each succeeding dose is given be- 
fore complete decay of plasma levels by the preceding 
dose, and with continuous infusions (11-13). Toler- 
ance can also occur after a single large dose of an 
opioid (14) (often called acute tolerance) and may have 
been present in our study as increasing doses of fen- 
tanyl resulted in higher plasma concentrations at the 
time of the first positive response to tail clamp. It is 
interesting and perhaps quite important that, while 
Arndt et al. (5) administered incrementally larger doses 
of fentanyl, four of their five doses were small (2.5, 
5, 20, and 40 ug/kg), particularly for a dog, and the 
entire administration period was only 20 min. In con- 
trast, Murphy and Hug (4) used a continuous infusion 
of fentanyl and redetermined the MAC of enflurane 
60 min after six different loading doses and contin- 
uous infusion rates. In the latter experiments, MAC 
determinations must have been determined over a 
minimum of 3 hr. Thus, it is possible that the dogs 
studied by Arndt et al. developed minimal or no tol- 
erance to fentanyl whereas Murphy and Hug’s ani- 
mals developed tolerance because of incremental dos- 
ing and prolonged exposure. Similarly, it is possible 
that our dogs developed acute tolerance because of 
the large doses of fentanyl employed. 

The effect of using trained (Arndt et al.) or un- 
trained animals (Murphy and Hug and ourselves) is 
unclear. Some reports indicate that wild and un- 
trained mammals require significantly higher doses 
of opioids and other compounds for immobilization 
or anesthesia than tame, trained, or hand-raised (vs 
free-ranging) animals of the same species (15). Equally 
unclear are the influences of other compounds (en- 
flurane in the study of Murphy and Hug) and acid- 
base changes (secondary to the absence of mechanical 
ventilation with subsequent CO, accumulation in the 
dogs studied by Arndt et al. and by us) on the results. 


A recent study indicates that inhalation agents may 
counteract the analgesic (anesthetic) effects of opioids 
(16). The effects of acid-base changes on delivery and 
penetration of fentanyl into the central nervous sys- 
tem are complicated and difficult to interpret. How- 
ever, it would appear that hypercarbia, by decreasing 
the lipid solubility and unionized fraction of fentanyl 
in the blood, would decrease brain penetration (17). 
Also, respiratory acidosis appears to enhance wash- 
out of fentanyl from the brain (increased cerebral blood 
flow), as well as the circulatory redistribution of fen- 
tanyl (17). These effects, depending upon the degree 
of hypercarbia, would lead to a more rapid loss of 
brain-mediated effects, e.g., negative response to tail 
clamp. Hypoxia, in that it increases cerebral blood 
flow and cardiac output, would produce similar ef- 
fects. 

We also believe that subtle differences in applying 
and interpreting tail clamp stimulation in the dog can 
influence the results. Arndt et al. (5,18) used a 15-cm 
hemostat closed either partially or fully at the base of 
the tail. In addition, this application was for only 1-10 
sec and the hemostat was not moved. In contrast, 
Murphy and Hug used a “sponge stick” that was 
moved during 1-min clamping of the base of the tail. 
We used a 10-inch hemostat clamped to the first ratchet 
for 30 sec at the base of the tail and moved it and the 
tail continuously. This technique is similar to that de- 
scribed by Eger et al. (19) for production of supra- 
maximal stimuli in the dog during evaluation of the 
MAC of inhalation anesthetics. Many of our dogs did 
not move during the first 15 sec of clamp application 
or before movement of the tail with the clamped he- 
mostat. Whether a hemostat provides more pain than 
a sponge stick, and whether clamping to full ratchet 
or less than full ratchet, as well as time and move- 
ment, is important, was not carefully studied. How- 
ever, submaximal stimuli, which do not “stress” an- 
tinociception to the maximum, may produce mislead- 
ing results and conclusions about fentanyl, its ability 
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to produce analgesia or anesthesia, and the spectrum 
of physiologic responses to be found. 

Recent publications have suggested that some of 
the effects of fentanyl may be mediated by mecha- 
nisms other than opioid receptor-associated actions 
(20) and that the anesthetic action of fentanyl can be 
dissociated from its analgesic effect (21). We did in- 
deed observe a plateau in the anesthetic effects of 
fentanyl (Table 1) before a further increase in the per- 
cent of dogs anesthetized (up to 100%) could be 
achieved (Table 1). This plateau (where doses includ- 
ing 250-2000 ug/kg produce similar responses to tail 
clamp) may be related to the difference between the 
plasma concentration of fentanyl required for specific 
receptor-mediated effects, on the one hand, and non- 
specific, possibly membrane-mediated, effects, on the 
other. In this light, attempts to define the anesthetic 
capabilities of fentanyl in terms of its analgesic and/or 
receptor-mediated effects alone may not be fully ap- 
propriate. 

Several weaknesses of this study deserve mention. 
Although all dogs had access to water for up to 2 hr 
before the study, baseline heart and respiratory rate 
values were variable. Dehydration was not antici- 
pated with our feeding regimen, but it is possible that 
volume status varied significantly. Also, as ventilation 
in the dog normally serves as a heat as well as a 
respiratory gas exchanger, thermoregulation could have 
influenced respiratory rate in addition to fentanyl. 
Unfortunately, no attempt was made to evaluate these 
factors further. Differences in blood volume status 
and hemodynamics may have also influenced the 
pharmacokinetics of fentanyl, and thus MAC deter- 
minations. Furthermore, we examined the effect of a 
single large bolus of fentanyl. Although the effect of 
fentanyl is believed to be largely attributable to re- 
ceptor-mediated mechanisms, we made no attempt 
to produce or measure a steady state of fentanyl in 
plasma or cerebrospinal fluid or at specific receptor 
sites. In fact, it is most likely that plasma fentanyl 
concentrations were rapidly declining throughout a 
significant portion of the study (first 15 min) and that 
the already variable nature of the effect of opioids was 
further multiplied by our administration and sam- 
pling schedules. The fact that there is probably a time 
lag between fentanyl plasma concentrations and cen- 
tral nervous system effect as determined by spectral 
edge in humans also compounds interpreting the re- 
lationship between dose and effect, especially be- 
tween 5 and 15 min after drug administration (22). 

: Nevertheless, several important inferences can be 
drawn from our study. Increasing awareness and con- 
cern about the care of animals used as experimental 
subjects highlight the fact that dogs, the most ubiq- 
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uitous research animal in anesthesia, cannot be anes- 
thetized reliably with fentanyl (23). Other anesthetic 
agents should be used to ensure that dogs do not 
suffer when experiments produce pain in these ani- 
mals. 

This study also demonstrates some of the signifi- 
cant differences in physiology and pharmacology be- 
tween humans and dogs. Most notable is the differ- 
ence in the effect of fentanyl on spontaneous ventilation 
and the response to painful stimulation. Doses that 
produce profound respiratory depression, apnea, and 
anesthesia of significant duration (along with muscle 
relaxants) in human beings do none of these in the 
dog. On the other hand, extremely high doses of fen- 
tanyl that are never used in humans are well tolerated 
in the dog, with spontaneous ventilation remaining 
intact and anesthesia of short duration being achieved 
in most animals. These and other differences lead us 
to question how appropriate it is to apply to human 
beings conclusions drawn from studies, especially in- 
volving narcotics, in the dog. 

In summary, our data indicate that while fentanyl, 
as an intravenous bolus, can block the somatic re- 
sponse to supramaximal painful stimulation in the 
dog (can produce anesthesia), requirements vary 
enormously and are extremely high in some animals. 
In contrast, most effects on heart rate are achieved at 
relatively low doses for the dog (125-250 g/kg). Al- 
though most respiratory effects are produced by sim- 
ilar doses, larger doses (up to 3000 g/kg) of fentanyl 
still depress ventilation further, although neither res- 
piratory arrest nor severe depression occurs. 
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A Comparison of Isobaric Tetracaine with Epinephrine and Isobaric 


Bupivacaine without Epinephrine 


James C. Phero, DMD, Phillip O. Bridenbaugh, Mp, Hakan H. Edström, PhD, 
Rene R. P. M. Hagenouw, MD, Donna Knarr, BSN, Thresiamma A. Mukkada, MD, and 


Umeshraya Pai, MD 


PHERO JC, BRIDENBAUGH PO, EDSTROM HH, 
HAGENOUW RRPM, KNARR D, MUKKADA TA, PAI U. 
Hypotension in spinal anesthesia: a comparison of isobaric 
tetracaine with epinephrine and isobaric bupivacaine 
without epinephrine. Anesth Analg 1987;66:549--52. 


Two isobaric spinal anesthetic solutions (bupivacaine 0.5%/20 
mg without epinephrine and tetracaine 0.5%/15 mg with 
0.2 mg epinephrine) were compared in a double-blind study 
of 60 patients. Patients were injected while in the lateral 
recumbent position and were immediately turned supine and 
horizontal. Up to 30 min after injection, no differences were 
found between the groups regarding segmental level of an- 
algesia, changes in heart rate, and onset to or maximum 
decrease in mean arterial pressure (MAP). No correlation 
was found between maximum decrease in MAP and level 


Controversy has arisen recently concerning the com- 
parative cardiovascular effects of tetracaine and bu- 
pivacaine when used for spinal anesthesia. In some 
studies no differences were found (1-3); in others, 
the administration of tetracaine seemed to produce a 
greater decrease in blood pressure (4—6). In two recent 
studies (4,6), hyperbaric tetracaine (with or without 
epinephrine) produced a more profound decrease in 
blood pressure than did isobaric bupivacaine when 
given to patients in the lateral position. 

In some of these studies isobaric bupivacaine was 
compared with hyperbaric tetracaine with (4) and 
without epinephrine (2,3,6). Hyperbaric epinephrine- 
free solutions of both tetracaine and bupivacaine have 
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of analgesia. At time of maximum decrease in MAP (tet- 
racaine group — 16.7 + 12.8% (mean + SEM), bupiva- 
caine group —19.4 + 14.8%) the level of analgesia was 
significantly higher in the tetracaine group (T5—6) than in 
the bupivacaine group (T7-8). Hypotension occurred in five 
patients in the bupivacaine group and in six in the tetracaine. 
group. Two patients in the tetracaine group (but none in 
the bupivacaine group) had bradycardia. Hypotension to- 


gether with bradycardia was observed in one patient in the 


tetracaine group but in no patient in the bupivacaine group. 
Two patients in each group developed postlumbar puncture 
headache. The authors conclude that the choice of local an- 
esthetic agent, by itself, ts not the sole cause of hypotension 
seen with spinal anesthesia. 


Key Words: ANESTHETIC TECHNIQUES—spinal. 


also been compared (1,3,5). The cardiovascular effects 
of epinephrine containing isobaric tetracaine and iso- 
baric bupivacaine without epinephrine have not been 
compared when used for spinal anesthesia. 

The aim of our study was to compare isobaric tet- 
racaine containing epinephrine with isobaric bupiv- 
acaine without epinephrine, using methods similar to 
those used in the study of hyperbaric tetracaine with 
epinephrine (4). | 


Materials and Methods 


Sixty patients (17 worrien and 43 men) scheduled for 
surgery under spinal anesthesia were studied. The 
study was approved by the Institutional Review Board 
for Human Research at University Hospital, Univer- 
sity of Cincinnati Medical Center, and written consent 
was obtained from all patients before their inclusion 
in the study. The patients were randomly distributed 
into two groups. 

Patients were given an average dose of 10 mg di- 
azepam orally 0.5-2 hr before lumbar puncture. All 
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Table 1. Onset of Analgesia 





Level of Level of 
analgesia Bupivacaine Tetracaine significance 
L-2 3.4 + 0.4 af = 8:2 N.S. 
T-10 G2 2 4,2 5.6 = 0,7 N.S. 
T-7 12.1 + 2.4 [3.3 2 3.0 N.S. 





Values are given as minutes; mean + SEM. 


were prehydrated with approximately 500 ml of crys- 
talloid solution immediately before induction of anes- 
thesia. Lumbar puncture was performed with a 22 or 
25-g spinal needle at the L2-3, L3-4, or L4—5 inter- 
Space using a midline or paramedian approach with 
the patients in the lateral decubitus position. The 
anesthesiologist administered the local anesthetic to 
all patients according to a randomized code. Another 
investigator, unaware of which solution had been 
given, evaluated the blockade. 

Solutions used were 3 ml of tetracaine 0.5% (15 
mg) with epinephrine (0.2 mg) or 4 ml of bupivacaine 
0.5% (20 mg). Neither solution contained dextrose. 
Presuming the specific gravity of cerebrospinal fluid 
to be 1.0069 + 0.0003 (sD), the tetracaine solution was 
isobaric (sp gr 1.0064), and the bupivacaine solution 
was slightly hypobaric (sp gr 1.0059) (7). Once a free 
flow of clear cerebrospinal fluid was obtained, the 
anesthetic solution was injected at a rate of 0.2 ml/sec, 
the needle was then withdrawn, and the patient was 
immediately turned into a supine, horizontal posi- 
tion. 

Heart rate and blood pressure were recorded before 
and every 5 min during anesthesia and the electro- 
cardiogram (ECG) was continuously monitored. 

The cephalad level of analgesia (loss of sensation 
to pin prick) was determined every 2 min for ap- 
proximately 30 min after injection of the anesthetic 
solution. At the same time intervals that the level of 
analgesia was determined, the degree of motor block- 
ade was assessed on a 0-3 scale as previously de- 
scribed (4). 

Surgery started 30-45 min after injection. Mean 
duration of surgery was 1.5 hr. 

Further assessments of the sensory and motor loss 
were made at 30-min intervals, when possible, intra- 
operatively and in the postoperative period until 
anesthesia had regressed completely. Additionally, 
the patients were followed-up postoperatively for 
complications. 

Wilcoxon rank-sum test, Student’s t-test, y-test, 
and Fischer's exact test were used where appropriate. 
Probability (P) < 0.05 was considered statistically sig- 
nificant. 
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Figure 1. Segmental spread of analgesia (median values, lower/upper 
bounds at 95% confidence level) after administration of tetracaine 
(solid line) or bupivacaine (dashed line). Significant (P < 0.05) 
differences between the groups were found at 2, 2.5, and 3 hr after 
injection. 


Results 


Age, weight, and height were comparable in the two 
groups. No significant difference was found between 
bupivacaine and tetracaine with regard to time of on- 
set of analgesia to L-2, T-10, or T-7 (Table 1). Mean 
time to complete motor blockade was also similar in 
the groups: 7 + 1 min (mean + SEM) for tetracaine 
and 8 + 5 min for bupivacaine. 

No significant differences were found between the 
groups with regard to rate of regression of analgesia 
up to 2 hr after injection. From 2 to 3 hr after injection, 
tetracaine sensory analgesia levels were significantly 
higher (Fig. 1). Total duration of analgesia was also 
significantly longer with tetracaine at the T-8, T-10, 
T-12, L-2, and L-4 segments (Table 2). Analgesia was 
satisfactory for surgery in all patients. 

Motor blockade of the lower limbs was complete 
in all patients. Tetracaine produced a significantly 
longer duration of complete motor blockade than did 
bupivacaine (363 + 18 vs 254 + 10 min). 


Cardiovascular Changes 


Preanesthetic mean arterial pressure (MAP) and heart 
rate values were comparable in the two groups. Fif- 
teen minutes after injection and before administration 
of anticholinergic drugs or vasopressors, heart rate 
increased 1.3 + 3.1 and 4.7 + 2.7%, and MAP de- 
creased 10.0 + 2.8and 11.2 + 2.2% in the bupivacaine 
and tetracaine groups, respectively. The difference 
between the groups was not statistically significant 
(Figs. 2 and 3). 

Maximum decreases in MAP during the first 30 min 
after injection of the anesthetic solution were not sig- 
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TETRACAINE AND BUPIVACAINE IN SPINAL ANESTHESIA 


Table 2. Duration of Analgesia 


Level of Level of 
analgesia Bupivacaine Tetracaine significance 
L~4 327 + 13 394 + 14 P < 0.001 
L-2 264 + 8 334 + 12 P < 0,001 
T-12 214 + 10 260 + 12 P < 0.01 
T-10 179 + 11 217 + 11 P< 0.05 
T-8 150 + 10 187 + 9 P < 0.05 
Values are given as minutes; mean + SEM. 
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Figure 2. Ranked, individual changes in MAP 20 min after spinal 
administration of tetracaine and bupivacaine. Md, median value. 


nificantly different in the two groups (16.7 + 12.8% 
in the tetracaine group and 19.4 + 14.8% in the bu- 
pivacaine group) (Fig. 4). Although the time to onset 
of maximum decrease in MAP was not significantly 
different between the groups, the mean level of an- 
algesia at the time of maximum decrease in MAP was 
significantly higher in the tetracaine group (T5—6) than 
in the bupivacaine group (T7-8). 

Hypotension requiring ephedrine, phenylephrine, 
or both occurred in five patients in the bupivacaine 
group and in six in the tetracaine group. Bradycardia 
requiring atropine or glycopyrrolate occurred in two 
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Figure 3. Ranked, individual changes in heart rate 20 min after 
spinal administration of tetracaine and bupivacaine. Md, median 
value. 


patients in the tetracaine group. Two patients in each 
group developed postlumbar puncture headache. 


Discussion 

In two earlier studies of similar design (4,6) using 
hyperbaric tetracaine with or without epinephrine, 
both formulations produced aa significantly greater 
decrease in blood pressure than did isobaric bupiv- 
acaine. No such differences were seen in our study 
when isobaric tetracaine was used. The results ob- 
tained with bupivacaine in those studies were similar 
to those obtained in our study. 

It was suggested in the earlier studies (4-6) that 
the effects of bupivacaine and tetracaine on blood 
pressure could be due to different levels of the block- 
ades and/or differences in specific gravity of the an- 
esthetic solutions themselves. Also, because the rate 
for onset of analgesia was slower in the bupivacaine 
group (6), it was considered possible that there might 
have been more time available for compensatory cir- 
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Figure 4. Maximum decrease in MAP vs 
level of analgesia after spinal administra- 
tion of tetracaine (solid line, filled circles) 
and bupivacaine (dashed line, open 
° squares). No correlation was found be- 
tween maximum decrease in MAP and 
level of analgesia for either drug. 
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culatory adjustments during the onset of the bupiv- 
acaine spinal anesthesia. 

Bigler et al. (5) used hyperbaric tetracaine and bu- 
pivacaine for spinal anesthesia and observed that the 
plasma norepinephrine levels increased significantly 
at the time of maximum decrease in MAP with bu- 
pivacaine but not with tetracaine spinal anesthesia. 
The levels of analgesia were marginally higher in the 
tetracaine group and it was suggested that the lower 
catecholamine concentration was due to a more ex- 
tensive sympathetic blockade. Although it has been 
shown that the level of the sympathetic blockade might 
be lower than that of the sensory blockade when bu- 
pivacaine is used for spinal anesthesia (8), another 
study of lidocaine and tetracaine (9) measured higher 
levels of sympathetic block as compared with pinprick 
analgesia. Results from similar studies using isobaric 
bupivacaine and tetracaine solutions are warranted. 

In our study the rate of onset of analgesia, the mean 
height of the levels of analgesia, the mean decreases 
in MAP, and the maximum decreases in MAP were 
similar in both groups. This supports the premise that 
slower onset of blockade allows for some degree of 
cardiovascular compensation. 

It was also noted that the levels of analgesia at the 
time when the decrease in MAP was maximal were 
significantly higher in the tetracaine group. In spite 
of this significant difference in levels of analgesia, no 
significant difference was found with regard to max- 
imum decreases in MAP. Nor was any correlation 
found between maximum decrease in MAP and level 
of analgesia. Consequently, there appear to be other 
factors controlling blood pressure changes in addition 


C7 


C4 


to the height of the sensory blockade. Although un- 
proved, differences in level of sympathetic blockade 
may be responsible. 
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The Effect of Polyethylene Glycol on Mammalian Nerve Impulses 
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BENZON HT, GISSEN AJ, STRICHARTZ GR, 
AVRAM AJ, COVINO BG. The effect of polyethylene 
glycol on mammalian nerve impulses. Anesth Analg 
1987;66:553-9. 


Polyethylene glycol (PEG) is a polymeric compound used 
as a vehicle for depot steroid preparations such as methyl- 
prednisolone acetate and triamcinolone diacetate injected 
into the epidural or intzathecal space to relieve low back 
pain, There have been reports of neurodysfunction associated 
with these injections, and tt has been postuiated that the 
PEG vehicle is the offending agent. Studies supporting such 
a possibility have, however, relied upon concentrations of 
PEG higher than those used clinically (3%) or have used 
PEG in combination with other drugs. Usirg an in vitro 
rabbit sheathed-neroe preparation, we investigated the ef- 
fects of a 1-hr exposure to different concentrations (3-40%) 


of PEG in Liley solution on the transmission of impulses | 


of the A, B, and C nerve fibers. The 3% and 10% PEG had 
no effect on mean amplitudes of the compound action po- 
tentials (CAPs) nor did they significantly decrease conduc- 


Epidural (1) and intrathecal (2) steroid injections are 
frequently used in the treatment of low back pain. 
These procedures, however, are not without risks. 
Neurological complications of intrathecal steroids have 
included paraplegia, transient loss of bladder control, 
and adhesive arachnoiditis (3-5). 

It has been postulated (6,7) that the neurolysis after 
intrathecal steroid injection is due to polyethylene 
glycol (PEG), a nonionic detergent used as vehicle for 
depot steroid preparations. This assumption was based 
on two studies (8,9). In one study, 80% propylene 
glycol caused destructive lesions in the sciatic nerves 
and brachial plexus of rabbits (8). However, the com- 
mercial preparation of the steroid contains 3%, not 
80%, PEG. The other study (9) showed degenerative 
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tion velocity. Twenty percent PEG slightly depressed and 
30% markedly decreased CAPs. Both 20% and 30% PEG 
significantly slowed the conduction velocities of A, B, and 
C nerve fibers. Forty percent PEG abolished CAPs. With 
washout CAPs recovered to at least 80% of their baseline 
levels, and conduction velocities returned toward baseline 
levels. The pH of the Liley solution decreased with an in- 
creasing concentration of PEG, from 7.4 in the control Liley 
solution to 6.45 in the solution of 40% PEG. There was no 
evidence of an effect of the acidic pH since neither amplitudes 
nor conduction velocities were affected by the PEG-free Liley 
solution at pH 6.45 and the degrees of block were the same 
at pH 7.4 as at the lower pH. Experiments done on de- 
sheathed nerves showed no significant change in amplitude 
or conduction velocity with 3% PEG. Exposure of de- 
sheathed nerves to the 20, 30, and 40% PEG showed the 
same degrees of block as the sheathed nerves. We conclude 
that PEG, in concentration up to 40%, does not cause 
neurolysis. 


Key Words: TOXICITY—polyethylene glycol. 


changes in the rat sciatic nerve after the perineural 
injection of the suspending vehicle of methylpred- 
nisolone acetate. This study (9) did not examine the 
neural effect of 3% PEG alone. In the present study, 
we investigated the effects of 3-40% PEG on mam- 
malian nerve impulses. 


Methods 


New Zealand white rabbits, 2-3 kg in weight, were 
sacrificed by air embolism. The cervical vagus nerves 
were removed within 10-15 min and immersed in 
modified Liley solution aerated with 100% oxygen. 
The modified Liley solution consisted of NaCl, 136.8 
mM; KCI, 5.0 mM; CaCl, 2.0 mM; MgCl, 1.0 mM; 
dextrose, 11.0 mM; Hepes buffer [4-(2-hydroxyethy]l)- 
1-piperazine-ethane sulfonic acid], 2.53 mM. The pH 
was adjusted to 7.4 with 0.1 N NaOH. The nerves 
were cleaned of adventitia by microdissection and 
mounted in a nerve chamber with sheathes intact. 
The design of the nerve chamber, the protocol for 
nerve stimulation, and the recording of the com- 
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Table 1. Changes in the Compound Action Potential Amplitudes and Conduction Velocities of A Fibers Exposed to 
Different Concentrations of PEG in Sheathed-Nerve Preparations 





PEG Amplitude (mV) 


concentration (%) 


Conduction velocity 
(m/sec) changes“ 





0 98 + 15—> 110 + 12 37 +43-—> 35 + 4,7 
3 95 +9 => IM + 12 39.9 + 3.7 —— 38 + 2.5 
10 94 + 23— 97 + 25 37.9 + 5.4 —> 35.4 + 5.8 
20 98 +13— 90 + 19 39.4 + 4.2 —>» 34.3 + 4.8% 
30 101 + 22— 76 + 13° 38.7 + 3.0 —> 28.4 + 5.6° 
40 83 + 14> 020 39.2 + 2.5 ~» è 

“Mean + sp. 

*P < 0.05. 


‘Could not be determined; block was complete. 


pound action potentials have been described previ- 
ously (10). In brief, a 1.0-cm segment of the nerve 
between the stimulating and recording electrodes was 
stimulated with a twin-channel square-wave gener- 
ator (Grass $48, Grass Instrument Co., Quincy, Mass.) 
via isolation units (Grass SIU 5). The stimulus dura- 
tions were 0.05 ms for A fibers, 0.1 ms for B fibers, 
and 1 ms for C fibers. Stimulus intensities were ad- 
justed separately for the A, B, and C fibers so as to 
obtain the maximum amplitude of the compound ac- 
tion potentials. The nerve signals were amplified 50 x 
(Ms model A differential electrometer, Metametrics, 
Carlisle, Mass.) and the compound action potentials 
were displayed on storage oscilloscopes (Tektronic 
5113, Tektronix Inc., Beaverton, OR). The nerve fibers 
were identified by their conduction velocities: A fibers 
conduct at 25-50 m/sec, B fibers at 5-15 m/sec, and 
C fibers at less than 2 m/sec (10). 

The nerves were randomly assigned to one of the 
following groups, five nerves per group: group I— 
control, no PEG; group I—3% PEG; group M—10% 
PEG; group IV—-20% PEG; group V—30% PEG; and 
group VI—40% PEG. Randomization was accom- 
plished with a random number table. 

In each experiment, a baseline period of 30 min 
assured nerve function stability, during which time 
the modified Liley solution perfused the nerve at 0.4 
mi/min. After 30 min, in the experimental groups 
(groups II-VI), Liley solution containing either 3, 10. 
20, 30, or 40% PEG (polyethylene glycol 3350, Fisher 
Scientific Products, Fairlawn, NJ.) perfused the nerve 
at 0.15 ml/min for 1 hr. The nerves were then washed 
. with the Liley solution at 0.4 ml/min for 2 hr or until 
80% of the baseline amplitude of the compound action 
potential (CAP) was attained. In the control group, 
the Liley solution perfused the nerve throughout the 
study. Amplitude and latency of the CAP of the dif- 
ferent fibers were measured from the oscilloscope face 
and recorded every 5 min during the study. All ex- 
periments were performed at room temperature 
(20-22°C). 


The amplitudes and latencies of the A, B, and C 
fibers at the end of the 30 min (just before drug ad- 
dition) were considered to be baseline values. A two- 
factor analysis of variance with repeat measures on 
one factor initially analyzed the data. Postexposure 
comparisons with baseline values were made with 
Bonferroni correction of the paired Student’s t-test 
while comparisons between groups at the various ob- 
servation times were made with Bonferroni correction 
of the unpaired Student's t-test (11). Values of P < 
0.05 were considered statistically significant. 

The pH of the modified Liley solution decreased 
with increasing PEG concentration, from a baseline 
pH of 7.4 to 7.38 with the addition of 3% PEG, 7.30 
with the 10% PEG, 6.95 with the 20% PEG, 6.75 with 
the 30% PEG, and 6.45 with the 40% PEG. To inves- 
tigate the role of pH, we performed experiments in 
which the pH of the Liley solution was decreased to 
6.45 by the addition of 0.1 N HCl. Experiments were 
also carried out wherein the pH of the 20-40% PEG 
in Liley solution was increased to 7.4 with 0.1 N NaOH 
(one experiment per PEG concentration). 

Experiments were also performed on desheathed 
nerves since they better represent intrathecal injec- 
tion. Nerves were exposed to Liley solution with or 
without 3% PEG. There were five nerves in each group; 
the sequence of experiments was randomized. The 
methods and analysis of data were the same as in the 
sheathed-nerve experiments. 

We also investigated the ability of the higher con- 
centrations of PEG to pass through the nerve sheath. 
Desheathed nerves were exposed to 20-40% PEG, at 
pH 6.95-6.45, for 1 hr (one experiment per PEG con- 
centration). The degree of amplitude depression and 
conduction velocity slowing were compared with the 
experiments on sheathed nerves. 


Results 


We compared the values at 30 min (baseline) with the 
results at the end of 60 min of drug exposure. The 
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Table 2. Changes in the Compound Action Potential 
Amplitudes and Conduction Velocities of B Fibers 
Exposed to Different Concentrations of PEG in 
Sheathed-Nerve Preparations 


PEG 





concentration Amplitude (mV) Conduction velocity 
(%) changes* (m/sec) changes* 
0 48+ 16> 49 + 14 9.9 + 10 94+ 0.9 
3 56 + 17— 60 + 18 10.6 + 1.1 — 10.1 + 1.0 
10 45+12>45+ 8 94+ 1.0-> 8.7 + 0.9 
20 49 + 20> 38 + 12 98+18-> 7.6 + 1.2 
30 58 + 15 — 17 + 4 9.4 + 1.6 — 5.9 + 1.0 
40 49 + 15> 0+” 9.5 + 0.4 — *z 
Mean + Sp. 
P< 0.05. 


‘Could not be determined; block was complete. 


3% and 10% PEG did not depress the mean ampli- 
tudes of the A, B, and C fibers (Tables 1-3). The 
slowing of the conduction velocities after 3% and 10% 
PEG was not significant (P > 0.05). 

Twenty percent PEG decreased the mean ampli- 
tudes of the A, B, and C fiber groups by 9%, 21%, 
and 8%, respectively (Tables 1-3). Conduction veloc- 
ities of the A, B, and C fibers decreased by 13%, 22%, 
and 16%, respectively. The changes in amplitudes 
were not statistically significant but the decreases in 
conduction velocities were (P < 0.05). 

Thirty percent PEG diminished the mean ampli- 
tudes of the A, B, and C fiber groups by 24%, 71%, 
and 71%, respectively (Tables 1-3). The respective 
conduction velocities decreased by 27%, 36%, and 
27%. These changes were significant (P < 0.05). 

Forty percent PEG abolished the CAPs of the A, 
B, and C fiber groups. The time to complete block 
was 40-55 (49 + 5.5) min for the A fibers, 35-50 (44 
+ 5.5) min for the B fibers, and 35—50 (43 + 5.7) min 
for the C fibers. These changes were significant (P < 
0.05). 

After washout of the PEG, the CAP amplitudes 
recovered to at least 80% of baseline values. All re- 
covered within the 2 hr washout time, except in one 
experiment in which the B fibers took 3.5 hr to attain 
80% recovery after exposure to 40% PEG. The time 
to 80% recovery after washout of the 40% PEG was 
25-65 (36 + 17) min for the A fibers, 35-210 (84 + 
71) min for the B fibers, and 20-100 (48 + 36) min 
for the C fibers. Conduction velocities also improved 
(increased) after washout of the 20-40% PEG. There 
was no improvement of the conduction velocities fol- 
lowing washout of the 3% PEG but there were con- 
duction velocity increases in some of the A (one of 
five experiments), B (three of five experiments), and 
C (four of five experiments) nerve fiber preparations 
after washout of the 10% PEG. 
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Table 3. Changes in the Compound Action Potential 
Amplitudes and Conduction Velocities of C Fibers 
Exposed to Different Concentrations of PEG in 
Sheathed-Nerve Preparations 





PEG 
concentration Amplitude (mV) Conduction velocity 
(%) changes“ (m/sec) changes” 
0 28 + 15337 +22 132402 1.2 + 0.2 
3 22 +8 — 25 ++ 10 14+004->13+ 0.1 
10 23 + 14> 25 £ 14 13201 —1.2 ż 0.1 
20 20+6 718 + 6 1.4 + 0.1 — 1.2 + 0.05° 
30 24 +9 > 7+3' #%134+01 — 1.0 + 0.1? 
40 18+3—> 020 14401 >% 
*Mean + SD. 
bP < 0.05. 


“CV could not be determined; block was complete. 


There was no depression of the amplitude or sig- 
nificant slowing of the conduction velocities of the A, 
B, and C fibers when the pH of the Liley solution was 
lowered to 6.45. Exposure of the sheathed nerve to 
20%, 30%, and 40% PEG at pH 7.4 resulted in the 
same degree of amplitude depression and conduction 
velocity slowing as at the lower pH (Table 4). 

In the desheathed experiments, the mean ampli- 
tudes of the A, B, and C fibers after exposure to 3% 
PEG were not statistically different (P > 0.05) from 
their baseline mean amplitudes (Table 5). Moreover, 
there was no difference in action potential amplitudes 
between treatment and control fiber groups. There 
also was no significant difference (P > 0.05) in the 
conduction velocity values between the control and 
PEG groups (Table 6). 

The degrees of block (Table 5) by the 20-40% PEG 
on desheathed nerves were the same as in the sheathed- 
nerve preparations (Tables 1-3). The time to 100% 
block after exposure to 40% PEG (A = 55 min, B and 
C = 50 min) were within the range of values found 
in the sheathed-nerve experiments. The CAPs of the 
desheathed nerves also recovered to at least 80% of 
their baseline values. 


Discussion 


Glycols are alcohols with two hydroxyl groups in the 
molecule. Polyethylene glycols (PEGs) are polymeric 
compounds represented by a large number of ether 
linkages and terminal hydroxy] groups (12). PEGs are 
prepared either by the polymerization of ethylene ox- 
ide or the dehydration of ethylene glycol (13). The 
degree of polymerization can be controlled in their 
preparation. This results in products of different con- 
sistencies, from liquids to solid materials (12), with 
molecular weights from 150 to 10,000 (13). At room 
temperatures, substances with molecular weights up 
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Table 4. Changes in the Compound Action Potential Amplitudes and Conduction Velocities after PEG, pH 7.4, in 





Sheathed-Nerve Preparations 








Nerve fiber 
À B C 
PEG Amplitude CV Amplitude CV Amplitude CV 
concentration (%) (mV) (m/sec) (mV) (m/sec) (mV) (m/sec) 
20 91 — 80 42 — 38 61 — 39 10 -> 9 18 — 18 1.4— 1.2 
30 59 — 47 42 —» 28 7—>7 10 — 6 12 —> 4 1.4 —> 1.1 
40 7—0 45 —> — 150 8 —> —* 9—0 1.3 > —* 





Note: One experiment per PEG concentration. 
“Could not be determined; CAP was completely blocked. 


to 600 are liquids whereas those with molecular weights 
above 1000 are solids (13). PEGs are heat stable and 
chemically inert. Their low systemic toxicity, wide 
range of drug compatibilities, and exceptional solu- 
bilization characteristics make them useful as vehicles 
for drugs (14). Examples of drugs with PEG as a ve- 
hicle include sodium pentobarbital, parenteral dig- 
oxin, methylprednisolone acetate, and triamcinolone 
diacetate. 

In 1952, a long-acting local anesthetic, Efocaine, 
was introduced that consisted of 5% butyl-p-amino- 
benzoate, 1% procaine, and 0.2% procaine hydro- 

chloride. These slowly absorbed crystalline sub- 
` stances were dissolved in a vehicle containing 78% 
propylene glycol and 2% PEG 300 (the number refers 
to the mean molecular weight). Although Efocaine 
had a prolonged duration of action, neurological com- 
plications were soon reported. These included post- 
. injection neuritis, transverse myelitis, and partial 
Brown-Sequard syndrome (15). A subsequent study 
showed that the complications were probably due to 
the glycol vehicle. The perineural injection of 80% 
propylene glycol in rabbits caused destructive lesions 
in the nerve, ranging from axonal and myelin disin- 
tegration to severe disorganization of the nerve fun- 
iculus (8). In the same study, the intramuscular in- 
jection of 10-70% propylene glycol resulted in 
coagulation necrosis of the muscle. 

Intrathecal steroid injections have been used in 
management of lumbar radiculopathies, adhesive 
arachnoiditis, and multiple sclerosis (2,4,6). Neuro- 
logical complications have been reported, however, 
that include paraplegia, transient bladder paralysis, 
aseptic meningitis, and adhesive arachnoiditis (3-5). 
It should be noted that the neural complications (par- 
aplegia, bladder paralysis for 3 weeks) after intrathe- 
cal steroid injections occurred in patients with mul- 
tiple sclerosis. The patients who developed the 
complications had one to four injections (3-5). Three 
patients who developed paraplegia were paraparetic 
before the steroid injections; one patient remained 


paraplegic and the other two improved after 1 and 4 
months (3). It is not possible in these cases to separate 
the role of the disease from that of injections (16). 

The occurrence of neurologic complications after 
intrathecal steroid injections has been ascribed to PEG 
(6,7). The basis for this was a report (8) that 80% 
propylene glycol is neurotoxic. Commercial steroid 
preparations, however, contain 2.9-3% PEG. The as- 
sumption that the neurologic complications were 
caused by PEG was based on a study (9) that showed 
axonal degeneration and myelin destruction of rat 
sciatic nerves after the perineural injection of the sus- 
pending vehicle (3% PEG, 9 mg sodium chloride, and 
0.2 mg myristyl-gamma-picolinium chloride) of meth- 
ylprednisolone acetate. However, this study (9) did 
not evaluate the effects of either PEG or myristyl- 
gamma-picolinium chloride alone. In addition, in an- 
other study, histological examination of the spinal 
nerve roots and meninges of cats after the epidural 
injection of the suspending vehicle (83% PEG, 0.2% 
polysorbate 80, 0.9% benzyl alcohol, and 0.85% so- 
dium chloride) of triamcinolone diacetate showed no 
effect (17). In contrast to these two studies (9,17), 
where the suspending vehicle of the steroid prepa- 
ration was injected, we examined the neural effects 
of PEG alone. 

Different methods have been used to test possible 
neurotoxicity of drugs. In addition to persistent neu- 
rologic blockade after spinal anesthesia in experimen- 
tal animals (18,19), histopathologic (18-20) and neu- 
rophysiologic (20-22) techniques have also been 
employed. In neurophysiologic studies, several in- 
vestigators (20-22) looked at the depression or abo- 
lition of the CAP amplitude as a measure of neuro- 
toxicity. The duration of drug exposure ranged from 
15 min (21,22) to 1 hr (20). A study (21) that investi- 
gated the neurotoxicity of 0.2% sodium bisulfite at a 
pH of 3.0 showed complete and irreversible block of 
the CAP amplitude of the sheathed rabbit vagus nerve 
after a 15-min exposure to this antioxidant. Therefore, 
a 1-hr exposure to PEG should be more than adequate 
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Table 5. Changes in Compound Action Potential Amplitudes (mV) after PEG in Desheathed Nerves* 


PEG concentration (%) A 
O° 102 + 22 — 100 + 15 
3 102 + 11— 109 + 20 
20 115 — 109 
30 116 — 92 
40 4122-0 


Nerve fiber 
B C 


51 + 10—57 + 14 
58 + 1162 + 14 


60 + 13 — 69 + 14 
67 + 16 — 70 + 13 


Note: Five nerves were tested in the 0 and 3% PEG; one nerve was tested in the 20%, 30%, and 40% PEG. 


"See Tables 1-3 for results on sheathed nerves. 
‘Mean + SD. 


PEG concentration (%) A 
0 28.2 + 2.1 —> 26.7 + 2.1 
3 29.1 + 5.1 —> 27.2 + 4.7 
20 36 —» 29 
30 29 —» 19 
40 38 -> € 


' Table 6. Changes in Compound Action Potential Conduction Velocities (M/S) in Desheathed Nerves” 


73 — 55 57 —> 53 

66 — 8 44-» 8 

64—> 0 81 -> 0 
Nerve fiber 

B . C 


1.1 + 0.04— 1.1 + 0.04 
1.2 + 0.047 1.1 + 0.05 


7.7 + 0.4 — 7.4 + 0.4 
92+13—>86+09 


11 —9 1.3 — 1.2 
9—> 6 1.1 > 0.8 
10 —> € 1.4 — € 


Note: Five nerves were tested in the 0-3% PEG; one nerve was tested in the 20%, 30%, and 40% PEG. 


*See Tables 1-3 for results on sheathed nerves. 
Mean + SD. 
‘Could not be determined; CAP was completely blocked. 


to demonstrate possible drug-induced neurotoxicity. 
We also studied changes in conduction velocity since 
we noted slowing of the conduction velacity before 
or simultaneously with the depression of the ampli- 
tude in experiments involving local anesthetics. 

Our study showed the absence of an effect of 3% 
PEG on transmission of nerve impulses. Although 
10% PEG did not decrease the amplitudes or signif- 
icantly prolong the latencies of the nerve CAPs, this 
concentration may be considered a sub-blocking con- 
centration since in some of the A, B, and C fibers, 
conduction velocities imiproved with washout of the 
PEG. Twenty percent PEG mildly blocked the CAPs, 
30% moderately blocked the CAPs, and 40% com- 
pletely blocked the nerve CAPs. These effects were 
reversible with washout of the PEG. The reversibility 
of PEG effect was surprising since PEG had been 
thought to be neurolytic (6-8). 

Based on the findings of Wood et al. (9), Bromage 
(7) recommended dilution of the steroid when used 
for epidural injection to decrease the concentration of 
the PEG to 0.3%. Because our study showed that 3% 
PEG has no deleterious effect on nerve transmission, 
dilution may not be necessary. Dilution of the steroid 
is still recommended for better spread of the drug 
since several nerve roots are usually inflamed in disc 
herniations (1). 

The ability of the more concentrated PEG solutions 


to block impulse conduction may be related to their 
increased osmotic pressure. Since the osmotic pres- 
sure of a solution is directly proportional to the con- 
centration of the solute (23), 20-40% PEG can be con- 
sidered hyperosmotic or hypertonic. This increased 
osmolality was accompanied by the increased viscos- 
ity of the PEG solution when the higher (20-40%) 
concentrations were prepared. The increased viscos- 
ity is attributable to hydrogen bonding associated with 
the OH groups in the PEG molecule (24). 

Permeant molecules that distribute into all cellular 
compartments (as PEG probably does) cause no net 
shift of H,O at equilibrium, although there may be 
some transient movement before diffusion of PEG 
into the nerve. Impairment of impulse conduction 
with PEG is probably related to the movement of water 
and ions between the hypertonic solution and the 
nerve axon and myelin. Axons are highly hydrated, 
containing 75% (25) to 90% (26) water by weight. In 
the presence of a hypertonic solution, water passes 
from the nerve axon to the solution, leading to shrink- 
age of nerve fibers. On the other hand, the water 
content of myelin is 40-50% (25). The lyophilic mol- 
ecules and ions in the hypertonic solution, together 
with its bound water, penetrate the myelin and in- 
crease its volume (26). These structural changes in the 
nerve axon and myelin may reduce the ion permea- 
bility of the axonal membrane or compress the extra- 
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axonal space, thereby elevating the external K* con- 
centration and depolarizing the nerve membrane, 
rendering it refractory to nerve impulse conduction 
(25). S 

The decrease in pH with the addition of the PEG 
may be due to binding or dilution of the buffer used 
in our Liley solution. Several studies have investi- 
gated the effect of pH on nerve impulses. The studies 
showed that pH over a range of 6.5-9 did not affect 
the CAP amplitudes (27,28) or the relative amplitudes 
of sodium conductance (29). The method by which 
the desired pH value was achieved made a difference; 
chemical means did not alter baseline parameters (28,29) 
whereas the use of CO, as a buffer increased the block 
(28,30). The additional block by the CO.-buffered so- 
lutions may be due to a direct depressant effect of 
CO, on nerve excitability (28). The fact that we did 
not use CO, to attain the desired pH of our Liley 
solution probably explains our findings, that is, the 
degrees of blockade were the same at pH’s 6.5 and 
7.4. 

The degrees of block by the 20-40% PEG and the 
time to reach 100% block of the nerve CAPs by the 
40% PEG were the same in the sheathed- and de- 
sheathed-nerve experiments. This indicates that PEG, 
with its high molecular weight, passes through the 
nerve sheath easily. The perineurium, with its inner 
continuous layer of squamous epithelium, acts as a 
diffusion barrier to the passage of substances (31). The 
ability of substances to pass through cellular barriers 
is independent of their molecular weight (32). Elec- 
trolyte solutions penetrate with difficulty, but acetone 
and alcohol penetrate the nerve sheath readily (32). 
The PEGs, being dihydric alcohols (33), could there- 
fore pass through the sheath easily. 

Adhesive arachnoiditis is another possible compli- 
cation of intrathecal steroid injections (3,34). We can- 
not completely exonerate PEG as the cause of arach- 
noiditis since microscopic examination was not 
performed in our study. As previously stated, the 
histologic features of the meninges were the same 
whether the suspending vehicle of triamcinolone di- 
acetate was or was not injected epidurally (17). How- 
ever, the intrathecal injection of a nonionic detergent 
(alkylated phenol ethylene oxide condensate, 1%) 
causes cellular proliferation in the pia and arachnoid 
matters in monkeys (35). It should be noted that the 
four patients who developed arachnoiditis received 
five, seven, 16, and 23 intrathecal injections, respec- 
tively (3,34). Since almost any substance, including 
isotonic sodium chloride solution (36), causes pleo- 
cytosis when injected intrathecally, and since re- 
peated intrathecal injections cause increasing and 
prolonged cellular reaction (37), numerous intrathecal 
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steroid injections may ultimately result in arachnoid- 
itis. 

We conclude that 3% PEG, the concentration used 
clinically, does not affect nerve conduction. Higher 
(20-30%) concentrations cause mild to moderate 
depression of the CAP amplitudes and marked slow- 
ing of the conduction velocities. Exposure of the nerve 
to 40% PEG for 1 hr results in a complete block of 
nerve transmission. The effects of PEG are the same 
in the sheathed and desheathed nerves and are in- 
dependent of pH. All changes are reversible. 


The authors are very grateful to Ms. Patricia Hundon for typing 
this manuscript. 
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In 12 of 22 patients with coronary artery disease undergoing 
elective coronary artery bypass graft (CABG), verapamil 
(0.075 mg/kg body weight) pretreatment was given on ini- 
tiation of cardiopulmonary bypass (CPB) before aortic cross- 
clamping (ACC), whereas no verapamil was used in 10 
control patients. The volume of cardioplegia solution re- 
quired to achieve and maintain cardiac asystole during ACC 
while on CPB was not significantly different in the two 
groups. After the release of ACC, tke energy of direct cur- 
rent countershock required for defibrillation, the incidence 
of heart block, and the need for pacemaker were not signif- 


Aortic cross-clamping (ACC) is widely used in pa- 
tients undergoing coronary artery bypass graft (CABG). 
To minimize myocardial ischemia after ACC, hyper- 
kalemic hypothermic cardioplegic solutions have been 
widely used to provide myocardial preservation. Both 
animal and human studies have shown that the 
preischemic administration of slow channel calcium 
blockers helps to preserve myocardial performance 
and mitochondrial function (1,2). Animal studies show 
that the addition of verapamil to the cardioplegic so- 
lutions improves overall cardiac performance (3). 
However, in humans, the addition of verapamil to 
the cardioplegic solution is associated with an in- 
crease in need for pacing and inotropic support after 
ACC release. In contrast, when verapamil is infused 
before ACC on initiation of cardiopulmonary bypass 
(CPB), the need for pacing and inotropic support is 
decreased (4). In our report, verapamil pretreatment 
was initiated with CPB before ACC. After the release 
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icantly different. However, defibrillation was more readily 
achieved by a single countershock in the verapamil group 
than in the control group. Also, the incidence of ST segment 
changes after defibrillation was significantly lower in the 
verapamil group, suggesting that verapamil pretreatment 
before ACC may potentiate the myocardial preservation 
achieved by the cardioplegia, and hence may decrease the 
incidence of ischemic changes during the critical reperfusion 
period. 


Key Words: MYOCARDIAL PRESERVATION, car- 
DIOPLEGIA—calcium channel blockers, verapamil. 
MYOCARDIAL ISCHEMIA—ventricular fibrillation, 
heart block, pacemakers. CARDIOPULMONARY BY- 
PASS—coronary artery bypass graft. 


of ACC, the ease of defibrillation, electrocardiogram 
(ECG) pattern, need for pacing, and the hemody- 
namic parameters were monitored and compared with 
those or a control group having no verapamil pre- 
treatment. 


Methods 


The study included 22 patients with coronary artery 
disease undergoing elective CABG procedures. The 
investigation was approved by the Human Studies 
Committee, and an informed consent was obtained 
from each patient. Ten patients served as a control 
group, and 12 patients as the verapamil study group. 
The two groups were comparable (P > 0.05) with 
respect to age, sex, preoperative ECG findings, num- 
ber of coronary arteries for grafting, and left ventric- 
ular function (Table 1). 

All preoperative cardiac medications (Table 2) were 
continued in both groups until the morning of the 
operative day. Patients were premedicated 1 hr before 
induction of anesthesia with intramuscular morphine 
10 mg, scopolamine 0.3 mg, and promethazine 25 mg. 
Hemodynamic monitoring included radial artery can- 
nulation and thermodilution pulmonary artery cath- 
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Table 1. Preoperative Data 


Control group Verapamil group 
(n = 10) (n = 12) 

Age (yr) 54.3 53.3 
Sex 

M 9 10 

F 1 2 
Number of 2.8 + 1.1 2.8 + 0.7 

CABGs 
ECG 

MI 5 4 

Ischemia 3 6 

Normal 2 2 
Left ventricular 

function 

good (EF 0.6) 5 7 

fair/bad {EF 0.6) 5 5 


Abbreviations: CABG, coronary artery bypass graft; EF, ejection fraction; 


MI, myocardial infarction. 


Table 2. Preoperative Medication 


Control Verapamil 
No. dose No. dose 
patients (mg/day) patients (mg/day) 
Nifedipine 8 67.5 + 43.7 12 60 + 27.9 
Isosorbid 9 67.8 + 29.5 12 80 + 34.6 
dinitrate 
Propranolol 7 74.4 + 37.1 9 55.5 + 26.5 
hydrochloride 
Digoxin 1 0.25 2 0.25 


eterization. The calibrated electrocardiogram (ECG) 
lead V; was also monitored (1 mV = 10 mm). Hemo- 
dynamic data measured included blood pressure (BP) 
(mean, systolic, and diastolic), pulmonary artery 
pressure (PAP) (mean, systolic, and diastolic), pul- 
monary capillary wedge pressure (PCWP), and car- 
diac output (CO). Systemic vascular resistance (SVR) 
and pulmonary vascular resistance (PVR) were cal- 
culated. 

Anesthesia was induced with diazepam 0.2 mg/kg, 
fentanyl 20 wg/kg, and a mixture of pancuronium 
0.05—-0.1 mg/kg and alcuronium 0.125—-0.25 mg/kg. After 
laryngoscopy and orotracheal intubation, anesthesia 
was supplemented with morphine 0.3-0.5 mg/kg. Pa- 
tients were ventilated with 100% oxygen without ad- 
ditional inhalation anesthetics throughout the pro- 
cedure. After stabilization of anesthesia and before 
aortic cannulation, cardiovascular data were re- 
corded. 

The patients were randomly divided into two 
groups. In one group, verapamil 0.075 mg/kg was 
added to the priming solution of the pump oxygen- 
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Table 3. ECG Pattern before Cardiopulmonary Bypass 


Control group Verapamil grou 
(n = 10) (n = 12) 
Normal 6 9 
Ischemic changes 2 2 
Heart block 2 1 


ator, whereas in the control group no verapamil wa 
used. Cardiopulmonary bypass was initiated using 
flow of 2.3 Lm~*min~*. Flow and temperature of th 
perfusate were adjusted to maintain perfusion pres 
sure at 50-80 mm Hg and rectal temperature at 28°C 
After ACC, cardioplegic solution (K* 30 mEq/L at 4°C 
was infused in the aortic root. The volume of cardic 
plegic solution needed to achieve and maintain cai 
diac asystole as monitored by the ECG was calculate 
in the two groups. 

After removal of the ACC, ventricular fibrillatio. 
(VF) was treated with a Hewlett-Packard defibrillato: 
the number of countershock trials and the energy re 
quired were recorded. Also, the ECG was monitore 
(Vs) for detection of arrhythmias, changes in ST seg 
ments or T waves, and/or development of heart block 
Whenever second or third degree blocks were diag 
nosed, ventricular pacing was initiated, and the oui 
put threshold required for pacing was recorded. Afte 
rewarming the patient to a rectal temperature of 35° 
and assuring the presence of normal levels of arteriz 
blood gas tensions and serum electrolytes, CPB wa 
discontinued. Nitroglycerine and inotropic suppo) 
were used whenever necessary. One hr after bypas 
and before transfering the patient to the cardiac su 
gery intensive care unit (CSU), the hemodynamic dat 
in the two groups were compared. 


Statistical Analysis 
The paired Student's t-test was used for data e) 
pressed as mean + SD, while the ,?-analysis was use 


to compare proportions. P < 0.05 was considered ste 
tistically significant. 


Results 


Hemodynamic Data and ECG Pattern before 
Cardiopulmonary Bypass 

ECG pattern (Table 3) and hemodynamic data (Tabi 
4) before aortic cannulation were satistically compa 


rable in both the control and the verapamil group 
(P > 0.05). 
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Table 4. Hemodynamic Data Before 


Cardiopulmonary Bypass 
Control group Verapamil group 

HR (beats/min) 81.2 + 13.5 85.7 + 19.4 
Mean BP (mm Hg) 71.8 + 6.0 68.6 + 8.2 
PCWP (mm Hg) 10.7 + 3.5 79 4 5.6 
CO (L/min) 3.9 + 0.6 4.4 + 1.0 
SVR (mm Hg-min-L~*) 15.3 +21 14.1 + 4.2 
PVR (mm Hgmin- L7?) 1.3 + 0.2 1.3 + 0.6 


Abbreviations: HR, heart rate; BP, blood pressure; PCWP, pulmonary 
capillary wedge pressure; CO, cardiac output SVR, systemic vascular re- 
sistance; PVR, pulmonary vascular resistance. 


Cardiopulmonary Bypass 


Total CPB time was 75.8 + 25.3 min in the control 
group, and 86.9 + 16.7 min in the study group (P > 
0.05). SVR during CPB was 9.4 + 0.5 mm Hg-min-L~? 
in the control group and 8.7 + 1.5 mm Hg-min-L~! 
in the study group (P > 0.05). The ACC time was 
38.9 + 14.4 min in the control group, and 44.3 + 10.0 
min in the verapamil group (P > 0.05). 


Cardioplegia during Aortic Cross-Clamping 

Three patients in the control group developed VF after 
initiation of CPB but before ACC at a temperature of 
32.7 + 1.4°C, whereas six patients developed VF after 
ACC, and one patient had no VF. In the verapamil 
group, three patients developed VF before ACC at a 
temperature of 32.0 + 1.6°C, seven developed VF 
after aortic cross-clamping and two did not develop 
VF. The volume of cardioplegic solution required to 
achieve cardiac asystole was 383 + 178.8 ml in the 
control group and 420 + 239.4 ml in the study group 
(P > 0.05). The volume of cardioplegia solution re- 
quired to maintain cardiac asystole throughout the 
period of ACC was 1385 + 273.9 ml in the control 
group and 1383 + 228.9 ml in the study group (P > 
0.05). 


ECG Pattern after Release of Aortic Cross-Clamping 


With termination of ACC in the control group, spon- 
taneous defibrillation occurred in one patient, de- 
fibrillation was needed once in four patients, and five 
patients needed repeated attempts of defibrillation. 
In one of the latter five patients, recurrent refractorv 
ventricular fibrillation did not respond to repeated 
doses of lidocaine (2 mg/kg), bretylium (5 mg/kg) or 
multiple DC countershocks: defibrillation was readily 
achieved after the IV injection of verapamil 0.075 mg/kg. 
In the verapamil group, spontaneous defibrillation 
also occurred in one patient, defibrillation was needed 
once in seven, and repetitive attempts at defibrillation 
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Table 5. ECG Pattern Before Defibrillation 
Control group Verapamil group 
(n = 10) (n = 12) 
Normal 3 1 
Ischemic changes 6 1 
First degree block 1 1 
Second/third degree 6 10 
block 


were needed in only four. The mean countershock 
output required for defibrillation was 8.2 + 1.5 J in 
the control group and 7.8 + 2.6 J in the study group. 
The difference between the mean outputs of coun- 
tershocks required for defibrillation between the two 
groups was not significant (P > 0.05). 

In the control group, the ECG showed normal si- 
nus rhythm in three patients, and a first degree heart 
block in one patient after defibrillation (Table 5). In 
six patients, a second or third degree heart block was 
noted, and ventricular pacing was needed; the mean 
output threshold required for pacing was 4.7 + 2.6 
mA. In the verapamil group, one patient had normal 
sinus rhythm and one developed first degree block. 
In 10 patients, a second or third degree block requiring 
ventricular pacing occurred; the output threshold re- 
quired for pacing was 4.6 + 3.0 mA. There was no 
significant difference between the incidence of pacing 
and the threshold output required in the two groups 
(P > 0.05). Ischemic changes in ST segments (eleva- 
tion or depression > 1 mm) occurred in 6 of 10 patients 
of the control group, and only in 1 of 12 patients of 
the verapamil group; the difference was statistically 
significant. In one patient of the control group having 
a marked ST segment depression, verapamil 0.075 
mg/kg was subsequently injected and was followed 
by rapid restoration of an isoelectric ST segment 


(Fig. 1). 


Hemodynamic Parameters after CPB 


One hr after termination of CPB, the ST segment im- 
proved and the heart resumed its own rhythm in all 
patients. Hemodynamic parameters (Table 6) were 
also comparable in the two groups (P > 0.05). Ino- 
tropic support and nitroglycerine infusion were nec- 
essary in four patients in the control group and in 
two in the verapamil group (P > 0.05). 


Discussion 


During myocardial ischemia, a defect in Ca?* ho- 
meostasis leads to excessive entrance of Ca** into the 
intracellular space (5-8). In addition, Ca** accumu- 


ab- 
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Figure 1. ECG tracings in one of the patients in the control group. 
(A) ST segment depression after release of ACC and restoration of 
sinus rhythm. (B) ECG 1 min after injection of verapamil 0.075 


mg/kg. (C) ECG 5 min after the injection of verapamil, showing 
restoration of an isoelectric ST segment. 


lates in the mitochondria and impairs mitochondrial 
oxidation-phosphorylation, thus decreasing high en- 
ergy phosphate production (9). 

The high intracellular Ca** concentration activates 
the actin-myosin ATPase enzymatic system, which in 
turn causes excessive hydrolysis of ATP (10). The end 
result is an imbalance between production and utili- 
zation of high energy phosphates. Therefore, the ini- 
tial ischemic insult can result in a vicious circle in 
which the increase in intracellular caldum plays a 
major role. Furthermore, reperfusion after ischemia 
does not always result in rapid and complete recovery 
of the cardiac function and metabolism, but may even 
result in further deterioration associated with a fur- 
ther increase in intracellular Ca** concentration. To 
avoid the harmful effects of both myocardial ischemia 
and reperfusion, calcium channel blockers have been 
used to inhibit the transsarcolemmal Ca** influx. 
Verapamil, one of the calcium channel blockers eval- 
uated, reduces the extent of subendocardial infarction 
after experimental occlusion of the circumflex artery 
in dogs from 34% without verapamil to 8% of the 
anatomic area at risk (11). In addition, verapamil can 
preserve high levels of energy phosphates (12) and 
decrease the increase in intracellular calcium as a re- 
sult of ischemia (9). To be effective verapamil has to 
be given before the onset of ischemia (13,14). 

Animal studies involving the addition of verapamil 
to the cardioplegic solution demonstrate better cardiac 
performance with verapamil plus cardioplegia than 
with standard potassium cardioplegia alone (3). In 
humans, Kaplan et al. (4) demonstrated that the O, 
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Table 6. Hemodynamic Data 1 Hr After 


Cardiopulmonary Bypass 
Control group Verapamil group 
(n = 10) (n = 12) 

HR (beats/min) 79.9 + 10.8 81.2 + 13.9 
Mean BP (mm Hg) 74.2 + 8.5 77.2 + 15.0 
PCWP (mm Hg) DIEL 13.2 + 4.8 
CO (L/min) 3.8 + 0.6 3.82 + 1.0 
SVR (mm Hgmin L~ t) 16.5 + 1.9 17.7 + 6.4 
PVR (mm Hg-min-L~’) 0.7 + 0.6 11 + 0.9 


Abbreviations same as in Table 4. 


saturation difference between the radial artery and 
coronary sinus blood immediately after ACC release 
was lower in patients receiving verapamil, suggesting 
an improvement in the oxygen supply-demand re- 
lation. However, when verapamil was added to the 
cardioplegia solution, there was a higher incidence ol 
prolongation of the PR interval and AV block, along 
with a greater need for pacing and inotropic support, 
than in another group given verapamil before ACC 
on initiation of CPB (4). 

In our study, verapamil was added to the priming 
solution of the pump oxygenator to perfuse the myo- 
cardium on initiation of CPB and before ACC. The 
incidence of VF and the volume of cardioplegic so- 
lution required to achieve and maintain cardiac asys- 
tole after initiation of CPB and applying ACC were 
not significantly different in the two groups. After the 
release of ACC, the energy of DC countershock re- 
quired for defibrillation, the incidence of heart block, 
and the need for pacemaker also were not signifi- 
cantly different, whether myocardial preservation was 
achieved by cardioplegia alone or by verapamil pre- 
treatment plus cardioplegia. However, defibrillatior 
was more readily achieved by a single countershock 
in the verapamil group than in the control group. 
Also, one patient in the control group developed re- 
current refractory ventricular fibrillation that could be 
defibrillated only after the subsequent injection oj 
verapamil. Previous investigations have shown that 
verapamil can successfully control intractable ven- 
tricular tachycardia, fibrillation, or both, after cardio- 
pulmonary bypass (15-17). The effectiveness of ve- 
rapamil (a calcium channel blocker) in controlling 
recurrent reperfusion ventricular arrhythmias sug- 
gests that calcium-dependent ionic currents may play 
an important role in the genesis and perpetuation of 
life-threatening ventricular arrhythmias in the acutely 
ischemic myocardium (18). 

The incidence of ischemic ST segment changes dur- 
ing the reperfusion period after aortic unclamping 
was greater in the control group than in the verapamil 


group. Previous reports have also shown that tran- 
sient ST segment chariges are frequent after reper- 
fusion following aortocoronary bypass grafting, and 
usually become evident with resumption of supra- 
ventricular rhythm after aortic unclamping (19). Al- 
though transient, such changes often recur later in 
the postoperative period and are associated with higher 
postoperative serum levels of creatine kinase MB, in- 
dicating myocardial damage (19). The etiology of the 
ECG changes is not clear, but the differential diag- 
nosis includes inadequate myocardial protection, or 
transient occlusion of coronary artery or graft by spasm 
(20), embolism, or thrombosis (19,20). In our study, 
the low incidence of the ST changes after aortic un- 
clamping in the verapamil pretreated group suggests 
either protection against coronary artery and graft 
spasm, or better myocardial preservation during ACC. 
Verapamil pretreatment before ACC may potentiate 
the myocardial preservation achieved by the cardio- 
plegia, and hence may decrease the incidence of isch- 
emic changes during the critical reperfusion period. 
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The hemodynamic effects of dopamine and dobutamine (at 
doses of 6 ug-kg~ min") were compared during fluid re- 
suscitation from septic shock induced by endotoxin (3 mg/kg) 
in the dog. In the first part of the study, when a standard 
amount of saline solution was infused (in 24 dogs), dopa- 
mine infusion resulted in higher cardiac filling pressures 
than did dobutamine infusion, whereas dobutamine infusion 
resulted in higher cardiac output. In the second part of the 
study, when fluid infusion was titrated fo maintain pul- 
monary artery balloon-occluded pressure at constant level 
(in 24 dogs), the total amount of fluids was significantly 


Septic shock is characterized by a distributive defect 
associated with peripheral pooling of blood and de- 
creased venous return to the heart (1,2). In addition, 
myocardial depression can occur relatively early in 
relation to decreased coronary perfusion, myocardial 
edema, or release of toxic factors (1-4). Besides the 
removal of the septic focus and the administration of 
antibiotic agents, immediate therapy of septic shock 
focuses on restoration of hemodynamic stability by 
the administration of intravenous fluids and adre- 
nergic agents. Dopamine is probably the most pop- 
ular agent for its combined a, B, and dopaminergic 
properties, resulting in combined increases in arterial 
pressure, cardiac output, and selective increase in renal 
blood flow. Dobutamine, another sympathomimetic 
agent with strong inotropic action but little effect on 
the peripheral vasculature, is also used in the treat- 
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greater with dobutamine than when dopamine was used (109 
+ 13 vs 71 + 10 ml/kg). The combination of dobutamine 
with fluids resulted in significantly greater stroke volume 
(39.6 + 3.8 vs 21.0 + 4.0 ml, P < 0.05) and oxygen 
consumption (194 + 18 vs 144 + 8 ml/min, P < 0.05). 
The different effects of dopamine and dobutamine on cardiac 
filling pressures can be due to differences in effects on myo- 
cardial contractility, ventricular afterload, and cardiac com- 
pliance. This experimental study indicates that when fluid 
therapy is combined with adrenergic agents in resuscitation 
from septic shock, dobutamine can be associated with higher 
cardiac output and oxygen transport and can result in higher 
tissue oxygen consumption than dopamine. 


Key Words: SHOCK—septic. SYMPATHETIC NER- 
VOUS SYSTEM—dopamine, dobutamine. 


ment of septic shock, especially when a low flow stat 
is associated with myocardial depression (2). 

An important issue in the choice between dope 
mine and dobutamine is their relative effects on cai 
diac filling pressures and therefore their possible ir 
terference with concurrent fluid infusion. Variou 
studies in patients suffering from cardiogenic shoc 
or severe congestive heart failure or recovering fror 
cardiac surgery have indicated that dopamine ir 
creases cardiac filling pressures more than dobute 
mine (5-12). In addition, a recent study (13) indicate 
that dopamine also can increase cardiac filling pres 
sures in acutely ill patients with respiratory failure. 

In septic shock, Regnier et al. (14) also observe 
higher cardiac filling pressures with dopamine tha 
with dobutamine infusion. However, comparative trial 
of drugs in patients with septic shock are preclude 
by the typically unstable conditions. We therefor 
compared the use of dopamine and dobutamine tc 
gether with fluid infusion after endotoxin adminis 
tration in the dog. Because drug administration tı 
achieve a givén response is difficult in these un 
stable conditions, we administered fixed doses o 
6 pg-kg~*-min~* of both adrenergic agents. 
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We first studied the effects on filling pressures of ELTTI Saag : 
dopamine or dobutamine administered with a stan- EJ PASAS 
dard fluid regimen infused by formula. The hypoth- ice eS ne et es 
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higher with dopamine infusion. In the second part of H 7 
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After the initial hemodynamic and gasometric eval- © s| Els Snos dgl æ 
uation, 3 mg/kg of Escherichia coli endotoxin (055B5, tis|/Sjit bi i i h t pi i 
Difco Laboratories, Detroit, MI) was injected in 5 min. £ £ tle atv eh tS £ Í g i 
The dog was observed for 30 min before fluid resus- 2/9 = 3 
citation with 0.9% saline was started. 7 tonong l| È 
A first 30-min period of rapid fluid repletion (pe- = pjena vi : ae pi : : 
riod A) was followed by a 3-hr saline infusion (period E E i e TETTEPI S 
B). Intravenous fluids were administered according £ X a EN? SS ž F 
to two successive protocols: 1) By formula (24 dogs). O 7 
Saline solution was infused at a rate of 20 ml-kg ‘hr! = SS 5 
for the first 30 min (period A) and 10 ml-kg "hr! Fe p a a 3 
thereafter (period B). During period B, dogs were ran- E EE £ 
domized into three groups treated with saline solu- a F AE me | È 
tion alone (eight control dogs) or saline combined 3 Be ESF EE OB 
with dopamine (eight DOP-treated dogs) or dobuta- E Gs a. Be cay a : a oe 
mine (eight DOB-treated dogs) at a constant rate of T £ cae a pees zzl é 
6 ugkg ‘min '. 2) According to PAOP (24 dogs). “a = È EESO? SBE Ẹ og 
Saline infusion was given (in m-kg "hr ') every 10 = seoe © z FPE SË 
min in amounts needed to restore (period A) and = s@egesgE- 2O8}a2 


DOPAMINE VS DOBUTAMINE IN SEPTIC SHOCK 


SEPTIC SHOCK (DOGS? 


Figure 1. Cumulative fluid intake in the 

three groups of dogs. For the last 2 hr, 71 
the total amount of fluids infused was sig- 60 
nificantly greater in DOB-treated than in 


DOP-treated dogs. T 
4 


20 


maintain (period B) PAOP at baseline levels. During 
period B, dogs were randomized into three groups 
treated as in the first protocol with saline solution 
alone (eight control dogs) or saline combined with 
dopamine (eight DOP-treated dogs) or dobutamine 
(eight DOB-treated dogs) at a constant rate of 
6 ugkg`!min™t. 

At the end of the 4-hr experiment, treatment was 
discontinued and catheters were removed. The dogs 
were extubated and returned to their cage until the 
next morning. 

Heart rate, AP, and PAP were continuously re- 
corded (model 7404, Hewlett-Packard, Palo Alto, CA); 
the zero pressure level was set at the midchest level 
of the animal. Intravascular pressures were measured 
at end-expiration from the paper trace. Cardiac output 
(CO) was measured by the thermodilution technique 
(computer 9520A, Edwards Laboratories) by repeated 
injections of 5 ml of iced (<3°C) 5% dextrose in water 
at end-expiration. Three to five measurements were 
averaged for each CO determination. Pressures, CO, 
and HR were determined before the endotoxin injec- 
tion and every 30 min thereafter. Arterial and mixed 
venous blood samples were withdrawn at baseline 
and after 30, 60, 120, 180, and 240 min for measure- 
ments of blood gas tensions (ABL 2, Radiometer, Co- 
penhagen, Denmark). Hemoglobin saturation (SO2) 
was calculated by the Rossing and Cain’s nomogram 
(15). Lactate concentrations were measured enzy- 
matically by an automated system (ACA, Du Pont 
Instruments, Wilmington, DE). 

Stroke volume (SV), left ventricular stroke work 
(LVSW), systemic vascular resistance (SVR), oxygen 
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delivery, and oxygen consumption (Voz) were ca 
culated by the following formulas: 


SV (ml) = CO / HR 
LVSW (gm) = SV x (AP — PAOP) x 0.0136 
SVR (dynesseccm™°) = (AP — RAP) x 79.9 / CC 
O, delivery (ml/min) = CO x Cao, x 10 
Vo (ml/min) = CO x (Cao, — Cvo,) x 10, 


where Cao, and CVo, represent the oxygen content 
of the arterial blood and the mixed venous blood 
respectively. 

Statistical evaluation was performed by two-wa 
analysis of variance and Student's t-test, using th 
Bonferroni adjustment. The level of statistical signi 
icance was set at P < 0.05. All values are given a 
mean + SEM. l 


Results 
Fluid Infusion by Formula 


Arterial pressure rapidly decreased after endotoxi 
administration and remained low in control dogs (Tz 
ble 1). DOP- and DOB-treated dogs had somewhz 
higher arterial pressure and LVSW, and significantl 
higher O, delivery (P < 0.05) than did control dogs 
During period B, CO declined in control dogs (P < 
0.05), increased slightly in DOP-treated dogs (P = 
NS), and increased significantly in DOB-treated dog 
(P < 0.05). The only significant differences betwee: 
DOP- and DOB-treated dogs were higher levels c 
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Figure 2. Arterial pressure, mean pul- 
monary artery pressure, and pulmonary 
artery balloon-occluded pressure in the 6 
three groups of dogs. l4 


~ w m 
te 





PAP and PAOP in DOP-treated dogs .at the end of 
the experiment. 

Five DOP-treated, four DOB-treated, and two con- 
trol dogs survived until the next morning (differences 


not significant). 


Pulmonary Artery Balloon-Occluded Pressure 


When fluid was infused in volumes adequate to re- 
store PAOP to baseline levels, the total amount of 
fluids administered was greatest in the DOB-treated 
dogs. Cumulative fluid intake was 109 + 13 ml/kg in 
DOB-treated dogs, 94 + 11 ml/kg in control dogs, and 
71 + 10 mi/kg in DOP-treated dogs. Differences in 
fluid intake between DOP- and DOB-treated dogs were 
statistically significant for the last 2 hr of the experi- 
ment (Fig. 1). Although arterial pressure was slightly 
higher in DOP-treated dogs, differences in intravas- 
cular pressures did not reach statistical significance 
(Fig. 2). Heart rate, CO and Voz were greater in DOP 
and DOB than in control dogs (Figs. 3 and 4). CO 
was significantly higher with DOB than with DOP 
(P < 0.02); this was entirely due to a higher SV (39.6 
+ 3.8 vs 21.0 + 4.0 ml, P < 0.05) (Fig. 3). SVR was 
significantly lower in DOB-treated dogs (Fig. 4). In 
relation with a higher O, delivery in DOB- than in 
DOP-treated dogs (1042 + 132 vs 719 + 69 ml/min, 
P = NS), Vo, was significantly higher in DOB-treated 
dogs (194 + 18 vs 144 + 8 ml/min, P < 0.05) (Fig. 4). 
However, there was no difference in lactate concen- 
tration, which decreased during treatment from 4.8 
+ 0.8 to 3.7 + 0.7 mEq/L in DOP-treated dogs and 
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from 4.8 + 0.5 to 3.8 + 0.6 mEq/L in DOB-treated 
dogs. ) 

During period B, hematocrit increased in DOP- 
treated dogs and decreased in the two other groups 
(Table 2). Protein concentration decreased in all groups; 
however it decreased to a lesser extent in DOP-treated 
dogs (Table 2). 

Dogs generally developed nonbloody diarrhea. One 
control dog, one DOP-treated dog, and three DOB- 
treated dogs survived until the next morning (differ- 
ences not significant). 


Discussion 


Our study investigated the utility of dopamine and 
dobutamine, two largely used adrenergic agents, with 
fluid administration during septic shock. Fluid ther- 
apy is essential in the treatment of septic shock to 
compensate for extravascular losses, improve tissue 
perfusion and restore venous return to the heart (2,16). 
Fluid therapy can be limited by increases in filling 
pressures that could result in pulmonary edema with- 
out further hemodynamic improvement. Vasoactive 
agents are also often indicated to maintain perfusion 
pressure ard tissue blood flow, but could interfere 
with fluid therapy. 

During dopamine administration, LV filling pres- 
sures usually increase together with CO in congestive 
heart failure (5-7), in cardiogenic shock (8,9), after 
cardiac surgery (10-12), or in acute respiratory failure 
(13). Because dobutamine tends to have opposite ef- 
fects on cardiac pressures (5-12), the combination of 
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Figure 3. Heart rate, cardiac output, and 
stroke volume in the three groups of dogs. 40 
*P < 0.05 between DOP- and DOB-treated 
dogs; §P < 0.05 between treated and con- 
trol dogs. 


dopamine and dobutamine sometimes has been sug- 
gested to cumulate the effects of the two drugs while 
limiting the increase in LV filling pressures induced 
by dopamine (9). 

The effects of dopamine and dobutamine on car- 
diac filling pressures in septic shock have been stud- 
ied less extensively. Regnier et al. (14) compared the 
administration of variable doses of dopamine and do- 
butamine in nine patients in septic shock and ob- 
served that for comparable increases in cardiac output 
and LV work, PAOP increased slightly from 11 + 2 
to 12 + 2 mm Hg (P = NS) with dopamine, but 
decreased from 12 + 1 to 7.5 + 1 (P < 0.01) with 
dobutamine, the difference in values with the two 
drug regimens being highly significant (P < 0.01). 

We studied the potential differences between do- 
pamine and dobutamine under controlled experi- 
mental conditions in dogs. The model of septic shock 
induced by endotoxin administration in animals has 
often been criticized for its generation of a low flow 
state, whereas hyperdynamic state better character- 
izes clinical septic shock (17). In our present study, 
high doses of endotoxin were used to induce a severe 
shock state associated with significant lactacidemia. 
Interestingly, CO was maintained when cardiac filling 
pressures were restored at control level, indicating 
that decreased venous return plays a major role in 
the low flow state of endotoxin shock. Because arterial 
hypotension persisted despite fluid therapy, this rep- 
resented a low vascular resistance type of shock. Even 
though myocardial depression has been observed as 
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early as two hr after endotoxin administration (3), th 
role of myocardial failure was probably limited in thes 
relatively short-term conditions. 

Septic shock is a dynamic process precluding dru 
titration during the experiment, so that constant dose 
of dopamine and dobutamine were infused. A moc 
erate dose of 6 wg-kg~*-min~’ was chosen because. 
would have significant cardiovascular effects whil 
avoiding excessive a-mimetic actions of higher dose 
of dopamine (18). When a standard fluid regimen wa 
given, the effects on CO were greater with dobutz 
mine than with dopamine. In addition, dopamin 
tended to increase and dobutamine to decrease cai 
diac filling pressures, so that the differences in PAO. 
became significant after 3 hr of drug infusion. 

Reasons for these differences in cardiac filling pres 
sures with dopamine and dobutamine infusion ar 
not clear. They can be related to differences in diz 
stolic volumes of the cardiac chambers, to changes i 
ventricular diastolic mechanic properties, or to bott 
Dopamine increases venous return to the heart by o 
adrenergic mediated venoconstriction, by lowered ve 
nous resistance to blood flow, or both (19-21). Usin 
radionuclide techniques, Molloy et al. (13) found thz 
dopamine significantly increased end-diastolic vo. 
ume in patients with acute respiratory failure. How 
ever, dobutamine also reduces venous capacitance b 
a a-adrenergic effect on the vascular smooth muscl 
(22). Using the thermodilution technique to measur 
right ventricular volumes, we recently observed i 
acutely ill patients that even though right atrial pres 
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Figure 4. Left ventricular stroke work (LVSW), 
systemic vascular resistance, and oxygen con- 
sumption (V0,) in the three groups of dogs. *P 
< 0.05 between DOP- and DOB-treated dogs; 
§P < 0.05 between treated and control dogs. 


V02 


mij min 





240 TIME (min) 


Table 2. Evolution of Hematocrit and Serum Proteins Concentration in the Three Groups of Dogs. 


Baseline + 30 min + 60 min + 240 min 
Hematocrit (%) 
Control A177 + 23 48.7 + 2.7 48.7 + 2.5 44.3 + 2.3 
Dopamine 42.9 + 2.5 47.7 + 2.7 50.6 + 3.0 50.4 + 2.3 
Dobutamine 40.6 + 2.8 53.3 + 3.3 52.3 + 4.1 50.8 + 4.0 
Proteins (g/dl) ; 
Control 5.80 + 0.20 5.56 + 0.14 5.25 + 0.11 3.45 + 0.25 
Dopamine 5.58 + 0.17 5.48 + 0.21 5.27 + 0.24 4.51 + 0.18 
Dobutamine 6.40 + 0.36 5.95 + 0.35 5.66 + 0.32 3.65 + 0.24 


sure was higher during dopamine than during do- 
butamine administration, right ventricular end-dia- 
stolic volumes were similar with both drugs (23). 

In the second part of our study, fluid infusion was 
given in volumes adequate to maintain a given level 
of PAOP, as it is commonly done clinically. In agree- 
ment with the results in the first series of experiments, 
the total amount of fluid infused was significantly 
greater with dobutamine than with dopamine. The 
lack of decrease in hematocrit and the slighter de- 
crease in serum protein levels with dopamine admin- 
istration was consistent with a smaller plasma volume 
in dopamine-treated animals. 

Despite the similarity in PAOP, the combined 
administration of dobutamine and fluids was asso- 
ciated with a higher stroke volume. Two possibilities 
can be considered. First, if left ventricular preload was 
constant, differences in contractility, afterload, or both, 
should account for the differences in stroke volume. 
Dobutamine can have stronger positive inotropic (24) 


and afterload-reducing actions (7). The latter is con- 
sistent with the lower systemic vascular resistance 
measured under dobutamine infusion, although left 
ventricular afterload was probably low in the present 
experiments. This first possibility is supported by the 
greater increase in CO with dobutamine in the first 
part of the study. 

A second possibility is that left ventricular end- 
diastolic volume was smaller and that cardiac com- 
pliance was decreased with dopamine. This could be 
explained by different effects of dopamine and do- 
butamine on coronary blood flow, as it has been ob- 
served during acute myocardial ischemia (25). Clearly, 
more than one mechanism could be responsible for 
the different effects of dopamine and dobutamine on 
cardiac filling pressures. 

The higher cardiac output during dobutamine 
administration was associated with a higher Vo, in- 
dicating that nutrient blood flow to the tissues was 
increased. Another alternative would be that dobu- 
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tamine but not dopamine directly increased cellular 
metabolism, but this is unlikely. Because circulatory 
shock represents insufficient cellular oxygen avail- 
ability, an increase in oxygen consumption is a sal- 
utary sign. Clinical studies have indicated that an in- 
crease in VO, in circulatory shock is associated with 
a better prognosis (16). The lack of difference in lactate 
concentrations in our study could be due to the short 
duration of the experiments, a concurrent “washout” 
effect on lactate, or both. 

Although the hemodynamic data appear more fa- 
vorable in the dobutamine treatment group under the 
present experimental conditions, we do not imply that 
dopamine should be replaced by dobutamine in septic 
shock. First, the use of either dopamine or dobuta- 
mine did not significantly increase overall survival. 
Second, we strongly believe treatment of acute cir- 
culatory failure should be tailored according to the 
hemodynamic conditions. Dopamine could be indi- 
cated in severe hypotension, especially when cardiac 
output is high. The renal effects of low doses of do- 
pamine could also be considered. By its different ef- 
fects on cardiac filling pressures, dobutamine can fa- 
cilitate fluid administration and the association of 
dobutamine with fluids can increase tissue oxygen 
availability and consumption. Other studies are needed 
to define the clinical applicability and potential benefit 
of these observations. 
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Clinical Keports 


Sodium Bicarbonate Attenuates Pain on Skin Infiltration with 
Lidocaine, with or without Epinephrine 


Warren McKay, MD, Richard Morris, MBBS, FFARACS, and Phillip Mushlin, MD, PhD 


Anesthetics produce pain on skin infiltration (1,2). 
The relation of this local anesthetic-induced pain to 
pH of the local anesthetic solution has, however, not 
been evaluated. Commercial preparations of local an- 
esthetics are prepared as acidic solutions of the salts 
to promote solubility and stability. Further increases 
of acidity in local anesthetic solutions containing epi- 
nephrine are avoided by the addition of epinephrine 
to plain lidocaine (3); sodium bicarbonate can also be 
used to increase pH. Such increases in pH, by in- 
creasing the ratio of nonionized to ionized local an- 
esthetic, alter the pharmacologic properties of local 
anesthetics. For example, addition of sodium bicar- 
bonate to preparations of local anesthetics increases 
spread and duration of sensory blockade and lessens 
the time to onset of anesthesia (4,5). The present dou- 
ble-blind, randomized study was designed to deter- 
mine the relation between pH of anesthetic solutions 
and production of pain associated with infracuta- 
neous injection of the local anesthetic, lidocaine. 


Methods 


This investigation was approved by our hospital’s Hu- 
man Investigations Committee. Twenty-four young, 
healthy volunteers gave consent and participated in 
the study. Each subject received an intrddermal in- 
jection of normal saline solution and the following 
five preparations of lidocaine: 1) plain 1% lidocaine; 
2) plain 1% lidocaine plus epinephrine (added by in- 
vestigator); 3) commercial 1% lidocaine with epi- 
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nephrine already added; 4) sodium bicarbonate added 
to commercial 1% lidocaine with epinephrine; and 5) 
sodium bicarbonate added to plain 1% lidocaine. 

We added 0.05 ml of a commercial 1:1000 solution 
of epinephrine solution to each 10 ml of local anes- 
thetic to yield a final concentration of 1:200,000. One 
ml of sodium bicarbonate (1 mEgq/ml) was added to 
each 10 ml of local anesthetic to give a final concen- 
tration of 0.1 mEq/ml. The amount of sodium bicar- 
bonate added to the solution was calculated from pre- 
vious titration data on lidocaine solutions with sodium 
bicarbonate (McKay WR, Hord AH, unpublished data). 
The pH values were measured with a Corning 140 
pH meter; two samples of each preparation were tested 
in triplicate. 

Six discrete areas on the volar surface of the left 
forearm served as sites for injection of the test prep- 
arations. A random numbers table was used to assign 
preparations to each of the areas. Before injection, the 
skin was cleaned with 70% isopropyl alcohol and al- 
lowed to ary. For each test 0.1 ml was injected intra- 
dermally and then 0.2 ml injected subcutaneously via 
a 26 gauge hypoderrnic needle and 1 ml tuberculin 
syringe in one injection. Neither subject nor experi- 
menter was aware of syringe contents. All six injec- 
tions were made at 15 sec intervals covering approx- 
imately a 2-min period. Immediately after all six 
injections, subjects were asked to score pain elicited, 
using a 10 cm linear analog pain scale (5-7). Subjects 
were instructed to score a pain-free injection as 0 and 
the most pain imaginable as 10. Scores were then 
measured to the nearest mm. Highest and lowest pain 
scores were used to rank agents as most or least pain- 
ful. 

The Kruskall-Wallis analysis of variance was used 
to examine the distribution of pain scores among 
agents, and the Wilcoxon Signed Rank test employed 
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Table 1. P Values for Paired Comparison of Preparations 


Lidocaine + bicarbonate 


Commerical lidocaine + epinephrine 0.00008* 
Plain lidocaine 0.0001“ 
Lidocaine + added epinephrine 0.0003 
Saline 0.002" 
Lidocaine + epinephrine and bicarbonate 0.005* 


«P < 0.05. 


to contrast pairs of agents. Mean pain scores are re- 
ported with the standard error of the mean (SEM). A 
probability (P) value of = 0.05 was considered statis- 
tically significant. 


Results 

The commercial preparation of lidocaine with epi- 
nephrine had the highest mean pain score (43 + 5); 
this was more painful than was plain lidocaine (38 + 
5), plain lidocaine with added epinephrine (30 + 4), 
normal saline solution (29 + 4), commercial prepa- 
ration of lidocaine and epinephrine with sodium bi- 
carbonate (24 + 4), or lidocaine with sodium bicar- 
bonate (15 + 3). 

Analysis of variance indicated a significant non- 
random distribution with a P value of 0.001. Both 
lidocaine with commercial epinephrine and plain lid- 
ocaine were significantly more painful than normal 
saline or the two lidocaine preparations containing 
sodium bicarbonate. Plain lidocaine with sodium bi- 
carbonate was significantly less painful than all oth- 
ers. The pain response to plain lidocaine did not differ 
statistically from pain responses to lidocaine- 
epinephrine solutions without bicarbonate. The prob- 
ability values of all paired comparisons are shown in 
Table 1. 

Twelve of the 24 subjects considered commercial 
lidocaine with epinephrine to be the most painful 
whereas six considered plain lidocaine the most pain- 
ful preparation. The two bicarbonate-containing prep- 
arations accounted for 20 of the “least painful” re- 
sponses. Sixteen subjects considered plain lidocaine 
with sodium bicarbonate to be the least painful; none 
considered it most painful. In fact, the addition of 
sodium bicarbonate to plain lidocaine preparations 
resulted in a 61% reduction in mean pain score. Ad- 
dition of sodium bicarbonate to the commercial prep- 
aration of lidocaine and epinephrine resulted in 24% 
reduction of mean pain score (Fig. 1). 
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Most Painful 


FREQUENCY OF RESPONSE 


Least Painful 





Figure 1. Frequency of subjects considering agent most painft 
(hatched bars) or least painful (open bars). Numbers in parenthese 
at top of bar are mean pain scores + SEM. 


Discussion 


Our study demonstrates that pain resulting from ski 
infiltration of lidocaine solutions with or without epi 
nephrine can be diminished by the addition of sodiun 
bicarbonate. The mechanism of this decrease in pait 
is unknown, but probably relates to an increase it 
pH. 
If H* ions themselves cause pain, sodium bicar 
bonate would decrease pain merely by decreasing H’ 
concentration. Consistent with this idea, commercia 
lidocaine with epinephrine (pH 4.15) has a lower pF 
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Table 2. Properties of Preparations Tested 


pH 
Lidocaine + commercial epinephrine 4.05 
Lidocaine 6.49 
Lidocaine + added epinephrine 6.39 
Normal saline 6.85 
Lidocaine + epinephrine + bicarbonate 7.37 
Lidocaine + bicarbonate 7.38 


and is more painful than is lidocaine with added epi- 
nephrine (pH 6.4) (Table 2). However, the cause of 
pain on skin infiltration is probably more complex and 
depends on factors other than pH alone. For example, 
procaine (pH 4.3) is more acidic but less painful than 
is lidocaine (pH 6.3) (2). Also, the strongly acidic prep- 
aration, 2-chloroprocaine (pH 3.0) is no more painful 
than is lidocaine (unpublished observations). 

Alternatively, the pain-reducing effect of sodium 
bicarbonate may represent a shift of the equilibrium 
between ionized and nonionized forms of lidocaine, 
favoring formation of the nonionized form. Conceiv- 
ably, nociceptive receptors may be less sensitive to 
the nonionized form. Conversely, the greater diffus- 
ability of the nonionized form may result in rapid 
inhibition of pain transmission, thereby preventing 
nociceptive impulses from being fully appreciated. 
Thus, factors other than pH, such as intrinsic prop- 
erties of local anesthetics, may play an important role 
in the pain response to local anesthetics. Further stud- 
ies will be required to elucidate the mechanisms of 
local anesthetic-induced pain. 

In conclusion, the addition of sodium bicarbonate 
significantly reduces pain produced by infiltration of 
lidocaine with or without epinephrine. The means by 


CLINICAL REPORTS 
Sodium chloride 
(mg%) Additives 
0.7 Sodium metabisulphite (0.5 mg/cc) 
0.7 oe 
0.7 be 
0.9 ae 
0.7 . Sodium metabisulphite (0.5 mg/cc) 
0.7 ae 


which the pain is reduced probably relates to the al- 
kalinity of solutions of local anesthetic. 





We thank Professors Benjamin G. Covino and Leroy D. Vandam 
for valuable comments and Ms. Anne Kamara for secretarial skills. 
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Ketanserin and Guanethidine in the Treatment of Causalgia 


John A. H. Davies, FFARCS, Trevor Beswick, MSc, MPS, and Graeme Dickson, FFARCS 


Reflex sympathetic dystrophies such as causalgia are 
notoriously difficult to manage even when treatment 
is started early. Treatment after the condition has been 
present for more than a year results in a success rate 
of less than 5% (1). Vasodilatation is nat uncommon 
in the early months but the established condition in- 
variably contains an element of vasoconstriction. 
Treatment is mainly directed at reducing painful 
transmission with local anesthetic agents and im- 
proving the circulation. We report a patient who, after 
having 75 guanethidine intravenous regional blocks 
for causalgia, was successfully treated with ketan- 
serin. 


Case Report 


A 55-yr-old woman attended our pain clinic for 9 yr 
suffering from causalgia in her left foot that had de- 
veloped subsequent to trauma 12 yr before she came 
to us. Several operations, including a lumbar sym- 
pathectomy, had produced no relief. During the past 
8 yr, she had had 75 intravenous regional blocks with 
guanethidine (10-25 mg). The technique used was 
that described by Hannington-Kiff (2). This was at 


first intolerably painful and required general anes- 


thesia with halothane on each occasion. Subse- 
quently, the addition of 20 ml 0.25% bupivacaine to 
the guanethidine enabled the patient to tolerate the 
procedure without general anesthesia. Each block re- 
lieved her pain for 3-5 weeks. 

After a full discussion with the patient and having 
obtained her informed consent, we gave her 14 mg 
ketanserin systemically by intravenous injection. Sub- 
jectively and objectively her affected foot became no- 
ticeably warmer within 30 min of the injection. Within 
an hour, the patient reported that the pain in her 
affected limb was reduced and mobility in her toes 
was improved. The major side effect noted was pos- 
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tural hypotension that persisted for approximately 2 
hr, after which she was well enough to return home 
She also complained of transient nasal congestion an: 
a dry mouth. This treatment was followed by or 
ketanserin. Initially, she took 60 mg daily in divide 
doses, which was gradually increased to 80 mg dail 
in divided doses. Side effects after oral treatment wer 
minimal with no recurrence of postural hypotensior 

For the past 12 months, she has not required fuj 
ther intravenous treatment with guanethidine. He 
affected foot has remained warm and her pain cor 
trolled to the extent that she has returned to full-tim 
employment. 


Comment 


The technique of intravenous regional guanethidin 
block as described by Hannington-Kiff (2) has prove: 
to be an effective treatment of causalgia. Howeve1 
its disadvantages include the need to employ a re 
gional intravenous technique to restrict the guanetl 
idine to the affected part and to prevent hazardou 
systemic effects. It also requires admission to the hos 
pital on an outpatient basis. We suspect our patier 
is unique in having had a total of 75 treatments. Thes 
were well tolerated with no serious side effects, bu 
provided relatively short-lived relief of her pain. 

The postulated role of 5-hydroxy tryptamine in cat 
salgia suggests that ketanserin, a specific 5-HT ar 
tagonist, may be beneficial. Preliminary work (3) ha 
shown that ketanserin appears to restore the periph 
eral circulation, reduce pain, and improve the func 
tion of the affected limb in causalgia. In our patient 
the drug was given as a single simple systemic intra 
venous injection followed by oral treatment. Its us 
in this patient eliminated the need to admit her to th 
hospital for frequent repeated invasive techniques anı 
has provided better and more continuous pain con 
trol. 


We thank Lynne Ingram for her kind assistance with the prepa 


ration of this paper. 
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Tension Pneumoperitoneum—Pneumothorax during Repair of 


Congenital Diaphragmatic Hernia 


James H. Diaz, MD 





Pneumoperitoneum and pneumothorax are common 
consequences of pulmonary barotrauma during me- 
chanical ventilation in neonates. Neonatal pneumo- 
peritoneum during assisted ventilation is frequently 
described in association with bowel perforations, es- 
pecially gastric perforation, and extrapleural air leaks, 
especially pneumomediastinum and pneumopericar- 
dium (1-5). Neonatal pneumothorax occurs more 
commonly during positive pressure ventilation of in- 
fants with reduced lung compliance or interstitial em- 
physema. Positive pressure ventilation and nitrous 
oxide administration will rapidly expand either tho- 
racic or peritoneal air promoting cardiac compression 
with reduced myocardial contractility and diminished 
venous return to the heart (tension effect). Unlike 
tension pneumothorax, tension pneumoperitoneum 
is an infrequent cause of acute ventilatory insuffi- 
ciency and cardiac arrest in infants and children (6). 
Only early recognition and percutaneous decompres- 
sion of combined tension pneumothorax and tension 
pneumoperitoneum will permit effective cardiopul- 
monary resuscitation (6). Combined tension pneu- 
moperitoneum—pneumothorax (TPP) with cardiac ar- 
rest in a newborn with congenital diaphragmatic hernia 
is reported. Pathophysiologic mechanisms, predis- 
posing factors, and management of TPP are dis- 
cussed. 


Case Report 


A 2700-g, full-term male infant with Apgar score 2/4 
was scheduled for immediate repair of a congenital 
left diaphragmatic hernia. Since birth 2 hr prior to 
surgery, the infant had required tracheal intubation 
(3.0-mm internal diameter oral endotracheal tube), 
controlled mechanical ventilation, and intermittent 
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intravenous bicarbonate infusion for respiratory fai 
ure with progressive acidosis. 

On arrival in the operating room, the infant wé 
normothermic but cyanotic and bradycardic. Atr 
pine, 0.04 mg, and pancuronium, 0.4 mg, were ac 
ministered intravenously, and hand hyperventilatio 
with 100% oxygen was begun using a Mapleson . 
nonrebreathing circuit with a fresh gas flow of 5 L/mi 
Peak inspired pressures of 20-30 cm H,O (mean ai 
way pressure of 10-15 cm H20) were confirmed mar 
ometrically at the tracheal tube, and initial intraope 
ative measurement of blood gas tensions showed 
pH of 7.19, Pao 38 mm Hg, Paco, 60 mm Hg, an 
base deficit — 10 mEq/L. During skin preparation, tk 
apical pulse, which had been restored to 150-1 
beats/min by intravenous atropine, again decrease 
to 60 to 80 beats/min. Breath sounds were lost ove 
the right chest, subcutaneous emphysema develope 
in the right axilla, and rapidly progressive abdomini 
distension occurred (Fig. 1). Umbilical artery pre: 
sures became unobtainable and mechanical ventil: 
tion was impossible. 

Closed cardiac compression was begun and the fo 
lowing drugs were administered intravenoush 
NaHCO;, 3.0 mEq; atropine, 0.04 mg; CaCl, 30 m; 
epinephrine, 30 wg; and isoproterenol, 20 ug. A 2 
gauge plastic cannula was inserted in the right ar 
terior second intercostal space to decompress su: 
pected right tension pneumothorax (Fig. 2). A secon 
20-gauge plastic cannula was then inserted along th 
linea alba midway between the symphysis pubis an 
umbilicus to decompress suspected tension pnet 
moperitoneum that did not resolve with chest a 
drainage (Fig. 2). Audible air leaks from both cannula 
confirmed suspected diagnosis of TPP (Figs. 1 and 2 
Cardiac output was rapidly restored, a right anteric 
chest tube was inserted, and left diaphragmatic re 
construction using a Gore-Tex® patch was carried ot 
through a left subcostal incision. Measurement of ai 
terial blood gas tensions during diaphragm recor 
struction showed the pH to be 7.29, Pao, 40 mm H¢ 
Paco, 50 mm Hg, and base deficit —5 mEq/L. 
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Figure 1. The pathophysiologic effects of tension pneumoperito- 
neum—pneumothorax (TPP) in the neonate include mediastinal 
shifting and diaphragm elevation with restricted ventilation, re- 
duced thoracic venous return, and cardiac compression with acute 
hemodynamic compromise. 


After surgery, the infant was transferred to the 
neonatal intensive care unit where è continuous in- 
fusion of tolazoline was begun to improve systemic 
oxygenation. The patient died of progressive hypox- 
emia and irreversible metabolic acidosis 6 hr post- 
operatively. Autopsy documented left diaphragmatic 
agenesis, severe bilateral pulmonary hypoplasia, 
preductal coarctation of the aorta, and ventricular sep- 
tal defect. 


Discussion 


Expanding TPP with cardiac arrest is an intraoperative 
emergency that must be managed by rapid percuta- 
neous decompression of both the affected hemithorax 
and the peritoneal cavity (3). The rapid intraabdom- 
inal accumulation of air during TPP may elevate the 
hemidiaphragms to such an extent that ventilation is 
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Figure 2. Acute management of TPP in the neonate should include: 
1) cannula decompression of the breathless hemithorax followed 
by 2) cannula decompression of the peritoneal cavity if chest drain- 
age does not relieve abdominal distension quickly. Tube thoracos- 
tomy should be provided immediately after hemodynamic stabi- 
lization. Continued abdominal distension despite chest drainage 
suggests the need to provide for peritoneal air drainage and to 
exclude bowel perforation. 


Table 1. Factors Predisposing to TPP in Neonates from 


Extrapleural Air Leak 
Se a ni a een 
1. Recent tracheostomy 


2. Reduced pulmonary compliance 
A. Respiratory distress syndrome 
B. Bronchopulmonary dysplasia 
C. Diaphragmatic hernia 
3. Intermittent small airways obstruction 
A. Meconium aspiration syndrome 
B. Foreign body aspiration 
4. Emphysema 
A. Pulmorary interstitial emphysema 
B. Congenital lobar emphysema 


C. Congenital lung cysts 
ig Es i eee Sg 
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Figure 3. Simple system for continuous 
manometric monitoring of delivered air- 
way pressures in an infant nonre- 
breathing anesthesia circuit, such as a 
Jackson Rees (as shown), Mapleson D, 
or Bain circuit. 


impeded, thoracic venous return reduced, and cardiac 
output diminished (Fig. 1) (7). The rapid intrathoracic 
accumulation of air during TPP will also compress the 
heart and diminish venous preload by shifting the 
mediastinum away from the thoracic air leak (Fig. 1). 
Hypercapnia, hypotension, and cardiac dysrhythmia 
or asystole will quickly ensue with TPP. 

Intraabdominal air during TPP may result from per- 
foration of an air-containing viscus, either lung, stom- 
ach, or bowel, or from retroperitoneal air dissection 
from a pneumomediastinum, pneumothorax, pneu- 
mopericardium, or combined air leaks (1-4,6-8). Neo- 
natal pneumoperitoneum alone has even been re- 
ported without significant adventitious pulmonary air 
(5). 

The simultaneous appearance of air in the pleural 
and peritoneal cavities during positive pressure ven- 
tilation is usually not due to the presence of a per- 
forated abdominal viscus (9). Absence of peritoneal 
fluid, normal thickness of bowel wall, and lack of 
intestinal air fluid levels provide additional radio- 
graphic confirmation of nonsurgical preumoperito- 
neum (9). 

Factors predisposing to intrathoracic air during TPP 
include recent tracheostomies, disorders of reduced 
pulmonary compliance, intermittent small airways 
obstruction, and emphysema (Table 1) (1,4,6—8). Neo- 
nates with congenital diaphragmatic hernia are par- 
ticularly susceptible to pneumothorax on the side op- 
posite intestinal herniation because of bilateral lung 
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compression and hypoplasia, poor pulmonary and 
chest wall compliance, and an early need for rapid 
mechanical ventilation to manage respiratory failure 
and acidosis (Fig. 1). Any extrapleural air leak may 
be easily expanded by positive pressure ventilation, 
nitrous oxide inhalation, or upper airway obstruction 
with development of high transpleural pressures 
(6,10,11). 

The key to successful management of TPP is sus- 
picion, early recognition, airway protection by en- 
dotracheal intubation, discontinuance of nitrous ox- 
ide inhalation, immediate thoracic then abdominal 
decompression, and provision for continued air egress 
by chest tube during positive pressure ventilation (Fig. 
2) (6,10,11). Radiographic confirmation of extrapleural 
and peritoneal air or endoscopy to rule out gastroin- 
testinal perforation may waste valuable time and is 
not necessary to institute emergency decompression 
of suspected TPP with cardiac arrest. 

Acute abdominal distension during mechanical 
ventilation in neonates may occur with tension pneu- 
mothorax alone as the diaphragm, liver, and intes- 
tines are pushed downward and does not necessarily 
indicate tension pneumoperitoneum or TPP. At- 
tempted abdominal decompression by cannula or tro- 
car in such a situation could lacerate abdominal vis- 
cera. If immediate abdominal decompression is 
indicated for effective CPR in TPP without prior ra- 
diographic evaluation, it must be carried out only after 
the complete evacuation of air from the breathless 


hemithorax fails to relieve both respiratory distress 
and abdominal distension (Fig. 2). 

During surgical procedures in infants with the dis- 
orders listed in Table 1, attention should be directed 
toward assuring the continued presence of clear bi- 
lateral breath sounds, the absence of subcutaneous 
emphysema or abdominal distension, and the main- 
tenance of low mean airway pressures (6). Elective 
tracheostomies in children undergoing lengthy op- 
erations should be performed primarily for mainte- 
nance of the airway rather than for ventilation and, 
if necessary, should be performed as close to the end 
of the surgical procedure as possible to avoid baro- 
trauma from prolonged mechanical ventilation (6). 
Continuous manometric monitoring of peak inspired 
and mean airway pressures at the tracheal tube is 
recommended in infants predisposed to TPP from ex- 
trapleural air leak (Table 1, Fig. 3). 

Finally, if preoperative pneumoperitoneum or 
pneunidthorax.with impending ventilatory distress is 
present, abdominal or thoracic decompression by can- 
nula or trocar should be undertaken after radio- 
graphic confirmation and before induction of anes- 
thesia with positive pressure ventilation and nitrous 
oxide inhalation (12). As noted, intraoperative tho- 
racic air egress by chest drain should be provided 
early in the management of TPP and usually relieves 
the associated nonsurgical pneumoperitoneum as well. 
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A Device for Uniform Testing of 
Sensory Neural Blockade during 
Regional Anesthesia 


To the Editor: 


Anesthetists and anesthesia students use many different 
ways to measure the extent of sensory neural blockade after 
regional anesthesia. Alcohol swabs, very fine needles (gauge 
23 or 25), very large needles (gauge 18 or 19, or an epidural 
needle), safety pins, screwdrivers, or clamps are all used. 
The thorn of a thistle was recommended by von Frey as the 
stimulus to test sensory analgesia “since these thorns have 
a very constant degree of sharpness” (1). Some anesthetists 
use their fingernails to pinch patients to test the presence 
of sensory blockade (2). The intensity of the stimulus re- 
sulting from this wide assortment of methods is variable 
and may not be uniformly reproducible. In the everyday 
practice of anesthesia, uniformity and reproducibility may 
not be imperative. However, when doing a research project 
where several repeated assessments are required, e.g., to 
determine when maximum level of sensory anesthesia is 
achieved and when two-segment sensory regression occurs, 
uniformity in testing and reproducibility from investigator 
to investigator become important. For this reason, we de- 
signed an inexpensive.and practical device for measuring 
sensory anesthesia using pinprick sensation. 

This device is made’ by pushing the pointed end of a 
large open safety pin through a rubber stopper obtained 
from a vacutainer (Fig. 1). A length of 7-8 mm protruding 
out on the opposite side of the rubber stopper is usually 
adequate to produce a definite sensation of pinprick without 
causing discomfort. To be sure of the adequacy of stimulus 
without producing pain, it is advisable to test the device 
on oneself. While the pointed end of the pin is used to test 
for dermatomal extent of sensory anesthesia, the blunt head 
of the same pin can be used to provide the patient a sen- 
sation of pressure so as' to enable the patient to distinguish 
between pain and pressure sensations. The safety pin should 
be opened to a 90° angle and held at the head end during 
testing (Fig. 2). It is important for the rubber stopper to be 
pushed flush to the skin in order to be sure that the pointed 
end of the safety pin is in direct contact with the area being 
tested. 


Ten anesthetists tried the device on themselves and 
each other and all agreed that the stimulus produced w 
adequate and similar when applied to various body par 
None of the anesthetists incurred any scratches or nee 
punctures despite pushing the device firmly against t 
skin. The edges of the rubber stopper prevent the pin fre 
being pushed too far to the point of hurting or penetrati 
the skin. This is an important feature of this device fo 
the area being tested is anesthetized, skin puncture a 
abrasion can be produced without the patient being awk 
of the damage until some time later (3). 

The accuracy of this device was compared with the ott 
frequently used sensory stimuli, namely a 25-gauge need 
a 19-gauge needle, an open safety pin, and an alcohol swi 
by testing twenty patients receiving epidural anesthesia | 
a variety of procedures. The sensory level detected by { 
device compared very well with those of the three ott 
pointed instruments. However, when the level of sens 
anesthesia noted with pinprick sensation was compar 
with that at which cold temperature discrimination is lo 
a difference of two to three dermatomal segments was cc 
sistently observed similar to the differential blockade’ se 
in spinal anesthesia (4). 

Reproducibility of results obtained using this device w 
established by asking three different anesthetists to use t 
device in ten patients. There was 100% concurrence wh 
the results of their independent determinations on the sai 
patient were compared. 

None of the 30 patients tested using this device show 
any skin scratches or red marks at the time of the po 
anesthetic visit. 

We recommend the use of this device for testing t 
extent of sensory anesthesia when performing experime! 
and in the day-to-day practice of anesthesia. It is safe, . 
expensive and easy to assemble. Use a different safety Į 
for each patient to avoid cross contamination. 


Divina J. Santos, MD 

Mustaque Juneja, MBBS 

Phillip O. Bridenbaugh, MD 
Department of Anesthesia 

University of Cincinnati College of Medicine 
Cincinnati, OH 45267-0531 


References a 


1. Bagett HC. Methods of investigation of sensation ‘in man and“the’th 
retical value of results obtained. In: Patten CA, Frantz Am, Hare CCe 


e. È 


Ul 
QO 
MN 


ANESTH ANALG 
1987;66:581-586 


i 


TAINLESS 


Figure 1. Device made by pushing large safety pin opened at a 90 
angle through a rubber stopper. 
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Spinal Anesthesia and 
Myocardial Ischemia 


To the Editor: 


Urmey and Lambert (1) described the reversal of myocardial 
ischemia after administration of spinal anesthesia. They 
presumed that decreases in blood pressure (140/80 to 105/? 
mm Hg) and heart rate (105 to 95 beats/min), observed after 
onset of the spinal block, reduced myocardial oxygen con- 
sumption, while a possible decrease in preload could have 
contributed in reversing the myocardial ischemia. However, 
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Figure 2. Device shown held at the head of the safety pin and 


pushed flush to the area being tested. 


myocardial ischemia was observed again 12 hr postopera- 
tively, when almost identical blood pressure and heart rate 
were present as after the onset of the spinal block (102/80 
mm Hg, 96 beats/min), indicating that the decreases in blood 
pressure and heart rate were not the most important factors 
in reversing the myocardial ischemia. 

In our opinion, the decrease in preload (which was not 
measured, however) was the crucial factor in reversing 
myocardial ischemia. The decrease in preload results from 
sympathetic denervation on the venous site of the circu- 
lation (2). This has positive effects on myocardial ischemia 
by improving subendocardial blood flow, decreasing myo- 
cardial oxygen consumption by decreasing afterload (after- 
load depends on systolic blood pressure, left ventricular 
end-diastolic volume, and wall thickness), and by decreas- 
ing heart rate (2). Contributing factors may have been the 
decrease in blood pressure and heart rate, and possibly also 
a decrease in coronary vascular tone or even the relief of 
coronary artery spasm by decreased circulating cathecho- 
lamine levels (3,4). 

Regional anesthesia can indeed be administered safely 


A; 
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in a patient with acute myocardial ischemia, but only if 
adequate monitoring is provided. It is unsafe to create sig- 
nificant hemodynamic changes in such a patient without 
sufficient hemodynamic monitoring: the presence of hy- 
povolemia would have caused severe hypotension with di- 
sastrous effects, because treatment is difficult (2). However, 
we suspect that this patient had borderline congestive heart 
failure. This could explain the absence of hypotension after 
onset of the block (flat Starling curve) and the occurrence 
of fulminant congestive heart failure postoperatively after 
administration of a single dose of atenolol (50 mg by mouth), 
requiring inotropic support, intubation, and mechanical 
ventilation for 2 days. It is possible that centralization of 
peripheral venous blood after disappearance of the sym- 
pathetic block was a contributing factor. Hemodynamic 
monitoring would have revealed the borderline congestive 
heart failure, so that the postoperative complications could 
have been prevented. 

Regional anesthesia can be a good technique in a patient 
who requires emergency surgery in the presence of acute 
myocardial ischemia. If spinal anesthesia is chosen, it might 
be better to use a hyperbaric local anesthetic solution, be- 
cause this technique allows more control over the spread 
of anesthesia by appropriate positioning of the patient (5). 
However, an epidural anesthetic would be preferable be- 
cause it gives a slower onset of the sympathetic block in 
comparison with spinal anesthesia, making hypotension 
less likely to occur or easier to treat (6,7). An epidural cath- 
eter technique allows even better control of anesthetic level 
and reduces the risk of a systemic toxic reaction compared 
to a “one shot” epidural technique (8,9). 

In conclusion, we agree with the authors that regional 
anesthesia can be a good technique in a patient with acute 
myocardial ischemia. However, epidural anesthesia may be 
preferable over spinal anesthesia because it may provide 
easier control of hemodynamic changes. In addition, it is 
important that regional anesthesia in a patient with acute 
myocardial ischemia be accompanied by the same invasive 
monitoring that would be used if general anesthesia is given, 
and by adequate sedation. 


Andre M. De Wolf, MD 

Andre A. Van Zundert, MD, PhD 
Department of Anesthesiology 
Catharina Hospital 

5602ZA Eindhoven 

The Netherlands 
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Perioperative Myoclonia or Seizures 


To the Editor: 


The case report of seizures after isoflurane anesthesia (1) | 
of great interest. However, it also raises another concert 
because postoperative movements of shoulders and arm 
are so often labelled as “myoclonic seizure” without an 
information about the frequency, progression, pattern, EEC 
or any associated postictal phenomena. 

Myoclonus is a movement disorder and both positiv 
and negative myoclonus can occur from a lesion in any pa 
of the neuraxis (2). Depending upon the EEG findings, m 
oclonus is divided into epileptic and nonepileptic type: 
Epileptic myoclonus or myoclonic seizures accompany 
distinct group of progressive neurologic disorders assoc 
ated with dementia and include chronic viral, degenerative 
and metabolic diseases. Some of the syndromes include 
under myoclonic seizures are Uverricht-Lundberg diseası 
Baltic myoclonus, Jakob—Creutzfeldt disease, subacute sch 
rosing panencephalitis, West syndrome, juvenile my 
oclonus, and Lennox—Gaustaut syndrome (3,4). Myoclonu 
can also be associated with idiopathic epilepsy and epilepsi 
partialis continua (5). 

Nonepileptic myoclonus also has a variety of presenti 
tions, including dystonic myoclonus (6), periodic tremo! 
of sleep (7), segmental myoclonus and multifocal my 
oclonus (8). Segmental myoclonus is mostly rhythmic, he 
a frequency of 1-3 Hz, and originates from brainstem c 
spinal cord (9). Spinal segmental myoclonus is produce 
by unchecked spinal neuronal discharge as a result of di: 
inhibition of supraspinal control. A major role in the spini 
form is played by abnormal discharges from interneuror 
and gamma motor neurons (10,11). Multifocal myoclonu: 
not characterized by any particular EEG pattern, consisi 
of sudden nonrhythmic and nonpatterned twitching of th 
proximal muscles. It occurs in stuporous or comatose pt 
tients with severe metabolic disturbances, including CC 
narcosis and hyperosmolar states (8). 

Certain inhalation and intravenous anesthetics, i.e., ethe: 
enflurane, ketamine, and etomidate, have been shown t 
produce seizure activity on the EEG and have the potenti 
to initiate a perioperative seizure (12-18). Even though fer 
tanyl and isoflurane have also been implicated with respec 
to perioperative “seizures” (1,19-22), neither of these agent 
produce EEG seizure activity (23,24). Seizures associate 
with fentanyl and isoflurane are most likely segmental o 
multifocal myoclonia, both of which represent the brain 
stem or spinal cord effect of a variety of CNS depressants 
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The important point is that epileptic and nonepileptic 
myoclonus have different diagnostic, therapeutic, and 
prognostic implications. A plea may be made that unless 
EEG changes or other postictal phenomena can be clearly 
demonstrated, one should not label perioperative move- 
ment disorders or myoclonia as “seizures”. Perhaps “peri- 
operative myoclonia” or “perioperative movement disor- 
der” might be an appropriate term to describe such 
phenomena. 


Zia Durrani, MD 
University of Illinois Medical Center at Chicago 
Chicago, IL 60612 
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LETTERS TO THE EDITOR 


Trimethaphan Is Useful 
for the Parturient 
Requiring Neuroanesthesia 


To the Editor: 


In their report “Induced Hypotension for Clipping of a 
Cerebral Aneurysm during Pregnancy,” Newman and Lam 
(1) state that trimethaphan (TMP) is unsuitable for these 
cases because it reduces cardiac output and cerebral blood 
flow. In doing so, they cite a canine study by Stoyka and 
Schutz (2) showing a decrease in cardiac output with TMP. 
No mention was made of cardiac filling pressures or of 
intravenous fluids administered during the experiment. Cook 
et al. (3) and Nitter-Hauge (4), in human studies, have 
shown that patients with adequate cardiac filling pressures 
have no decrease in cardiac output with TMP. Other studies 
advocate TMP for increasing cardiac output in patients with 
congestive heart failure (5,6) or after cardiac surgery (7). 

Newman and Lam are correct in stating that TMP de- 
creases cerebral blood flow (2). Turner et al. noted that this 
reduction results in a stable intracranial pressure (8). This 
is in contrast to those agents that may increase both cerebral 
blood flow and intracranial pressure. An example is iso- 
flurane, which under the normocapnic conditions used by 
Newman and Lam produces increased intracranial pressure 
(9). Moreover, Smith and Marque (10) have shown a linear 
relationship between cerebral blood flow and brain water 
content in dogs after a cerebral injury. 

Further advantages of TMP are noted by Abouleish (11) 
who suggests that it may be the intravenous hypotensive 
agent of choice in the parturient requiring neurosurgery 
because of its rapid hydrolysis and lack of harmful effects 
on the fetus. 


Mitchel Sosis, MD, PhD 
Jefferson Medical College Hospital 
Department of Anesthesiology 
Philadelphia, PA 19107 
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In Response: 


In defending the use of trimethaphan (TMP) for the par- 
turient, Dr. Sosis has raised a very important issue in neu- 
roanesthesia, but at the same time I believe he has missed 
the message in our report. 

Although the study by Stoyka and Schutz was carried 
out in dogs, and the filling pressures were not mentioned, 
it must be pointed out that this was a comparative study 
between TMP and sodium nitroprusside (NTP). Despite 
similar fluid therapy in both groups, the decrease in cardiac 
output in the TMP group contrasted sharply with the un- 
changed cardiac output in the NTP group, indicating that 
TMP has negative inotropic properties (1). Indeed such 
properties of TMP had been confirmed in another canine 
study (2). The adverse effect of TMP on cardiac output 
during anesthesia has also been reported in human studies 
(3,4). In contrast, the studies quoted by Sosis were per- 
formed on unanesthetized patients with cardiac disease, 
and it is a well known fact that patients in heart failure can 
improve their cardiac output simply by virtue of afterload 
reduction with decrease in systolic blood pressure. Fahmy 
and Soter did demonstrate unchanged cardiac output in one 
anesthetic study, although only relatively mild hypotension 
was produced in their study (5). 

Perhaps whether or not TMP affects cardiac output is 
trivial compared to its known deleterious effect on cerebral 
blood flow (CBF). Dr. Sosis agreed with me on this point 
and correctly stated that the decrease in CBF results in a 
stable intracranial pressure (ICP). But I submit that when 
induced hypotension is employed during craniotomy for 
aneurysm, the concern is with maintenance of CBF and not 
control of ICP as the latter should be zero after the opening 
of the dura. That TMP is unsuitable for induced hypoten- 
sion has been convincingly demonstrated in studies (animal 
as well as human) examining the blood pressure threshold 
below which cerebral electrical activity is adversely affected; 
the threshold is consistently higher with TMP compared to 
NTP (6,7). In another study, cortical activity was better 
maintained during oligemic hypotension than TMP-in- 
duced hypotension (8). Although there was no similar, com- 
parative study with isoflurane-induced hypotension, New- 
man et al. demonstrated that CBF is maintained during 
isoflurane-induced hypotension in humans (9). In addition, 
cerebral oxygen tension, at least in rats, is higher during 
hypotension induced with isoflurane compared to NTP (10). 
In contrast, TMP-induced hypotension results in an even 
lower brain surface oxygen tension than NTP (11). More- 
over, the pupillary dilatation associated with use of TMP 
makes it difficult to assess the neurologic status of the pa- 
tient in the postoperative period. 
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However, that is not to say TMP should never be usec 
in the parturient. On the contrary, because of its effect or 
CBF and ICP, it may well be the drug of choice for blooc 
pressure control in severely preeclamptic patients, as pointec 
out by Sosis and Leighton in a previous communicatior 
(12). 

In short, successful pharmacologic therapy depends no 
only on intimate knowledge of the drug but also the indi 
cation for which it is used; TMP may be a useful agent fo: 
acute blood pressure control in precclamptic patients, bu 
is unsuitable for induced hypotension in neurologic dis 
orders unless hypotension is required in a patient witl 
preexisting increased ICP prior to opening the dura (fo 
which I know of no indication). 


Arthur M. Lam, MD, FRCPC 
Department of Anaesthesia 
Liniversity of Western Ontario 
London, Ontario, Canada 
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High Frequency Ventilation 
To the Editor: 


The case report by Biondi et al. (1) may cause continuing 
confusion about terminology concerning high frequency 
ventilation. From the description of ventilatory circuitry, i 
is clear that jet ventilation was used. 

Several recent reviews (2—4) offer definitions and ter- 
minology for high frequency ventilation, promoting bette: 
comparison and evaluation of the different available higt 
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frequency ventilators and of the situations in which they 
are used. From these reviews it is to be concluded that the 
term high frequency positive pressure ventilation should 
be reserved for ventilation at frequencies between 1 and 2 
Hz, employing a specific ventilator with pneumatic valve. 
Furthermore, in the paper by Biondi et al. no specification 
is presented on how PEEP was given. 

Although inadvertent PEEP may be elicited by high fre- 
quency ventilation due to the chosen ventilator settings (5), 
it is improbable from the data reported in their article that 
the jet ventilation resulted in a PEEP of 10 cm H:O. 

In the discussion the authors mention that their study 
indicates that high frequency ventilation can maintain trans- 
thoracic and transpulmonary pressures at subambient lev- 
els. However, no measurements relating to these variables 
are presented. It might be worthwhile to elucidate these 
points in order to clarify the discussion about high fre- 
quency ventilation and prevent “the impression that high 
frequency ventilation magically reduces or eliminates the 
deleterious effects of IPPV (6).” 


T. J. A. Tamsma, MD 

Department of Anesthesiology 

Free University Hospital 

1007 MB Amsterdam, The Netherlands 
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In Response: 


In response to the letter by Tamsma, no unanimous clas- 
sification of high frequency ventilatory techniques has been 
determined. Our system of high frequency jet ventilation 
(HFJV) was performed according to the methods described 
in the text. This system of ventilation employed the use of 
a solenoid interruptor of high pressure gas flow that was 
delivered to the proximal airway via a 1.7-mm cannula at 
a rate of 2.5 Hz. 
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Positive end-expiratory pressure (PEEP) and entrained 
fresh gas flow was delivered via an auxillary circuit using 
a conventional positive pressure balloon type mushroom 
valve in series with a Bear IÈ ventilator (Bear Medical Sys- 
tems, Riverside, CA). Autopeep in this system, although 
detectable, was minimal (1-2 cm HO). 

In reference to the question of transthoracic pressure 
measurements, numerous investigators (1) have shown that 
transpulmonary and transthoracic pressures are reduced 
during HFJV. However, there are data (2) to suggest that 
alveolar and mean intrathoracic pressures may actually in- 
crease during HFJV. These effects are more commonly ob- 
served when HFJV is applied to patients with obstructive 
lung disease with increased airway resistance and increased 
pulmonary compliance, which produces dynamic alveolar 
gas trapping secondary to impedance to expiratory gas flow 
(3). In fact, Kolton et al. (4) have demonstrated that HFJV, 
as opposed to conventional positive pressure ventilation, 
may allow large increases in lung volume at comparable 
transpulmonary distending pressures because of the hys- 
teresis between the static and dynamic transpulmonary 
pressure—lung volume relationships. However, all of these 
conditions that markedly increase lung volume are associ- 
ated with decreased biventricular preload and decreases in 
cardiac output. 

Transpulmonary and transthoracic pressure measure- 
ments were not performed in the case reported. Low mean 
airway pressures, minimal autopeep, and the absence of 
changes in cardiac output in this patient during HFJV at 
driving pressures <30 psi would make significant increases 
in transpulmonary or transthoracic pressures unlikely. 


James Biondi 

Department of Anesthesiology 

Yale University School of Medicine 
New Haven, CT 06510 
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Book Reviews 


Current European Anesthesiology: The 
Yearbook of the European Academy of 
Anesthesiology, Volume 2 

R. M. Jones, ed. New York: John Wiley, 1986, 308 pp, 
$48.00. 


Any collection of abstracts suffers from the problem of 
“making hungry where most it satisfies.” This second an- 
nual offering from the European Academy of Anesthesiol- 
ogy summarizes 170 published papers regarded as the most 
significant contributions to the 1985 European journals. The 
contributions have been chosen by a distinguished panel 
of editors and are divided into sections covering the major 
anesthetic subspecialties. Although these abstracts are more 
detailed than many others (for example the Year Book of 
Anesthesia or Survey of Anesthesia) they leave one with the 
feeling that only a part of each story has been told. Each 
reviewer's comments are coherent and succinct, and oc- 
casionally a further reference is cited. 

As the number and quality of anesthesia journals in- 
creases, it is increasingly difficult to remain “well-read.” 
This compilation of papers is extracted from a body of lit- 
erature little perused in the United States. Ignoring the 
larger body of international research inhibits one’s own de- 
velopment and the advancement of the specialty as a whole. 
Application of the blinkers of a computerized literature search 
and reliance on a computer’s literal minded interpretation 
of your needs is equally dangerous. Here we have a useful 
entry into an important but relatively inaccessible store of 
knowledge. 

Trainees, established practitioners, and researchers need 
access to texts such as this so they can browse and gain a 
wider appreciation of current trends in research and the 
foundations of anesthetic techniques. 

While not recommended as an addition to every anes- 
thesiologist’s bookshelf, any or all of this series would be 
an appropriate addition ta departmental libraries for those 
whose curiosity goes beyond tomorrow’s operating list. 


Richard W. Morris, MBBS, FFARA 

Anesthesiologist 

Brigham and Women's Hospital and Harvard Medical School 
Boston, MA 02115 


Manual of Anesthesia in Cancer Care 
W. S. Howland, S. M. Rooney, and P. L. Goldiner, eds. 
New York: Churchill Livingstone, 1986, 321 pp, $27.00. 


Most anesthesiologists practicing in the United States oc- 
casionally will be faced with the challenge of providing 
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anesthesia for cancer patients during surgery. If these pa- 
tients are treated early in the course of their disease before 
major physiologic abnormalities have occurred, few differ- 
ences in management will be required; however, after var- 
ious forms of therapy have been applied or the disease has 
progressed, anesthetic management may be significantly 
altered. The authors of this publication state in the preface, 
“a major purpose of this text is to orient the non-oncologic 
anesthesiologist not only to the possibilities of cure but to 
the myriad physiologic abnormalities that can occur in can- 
cer patients.” In this they succeed. 

The first four chapters present a brief discussion of the 
various types of tumors, immune deficiencies, and com- 
plications of chemotherapy. This is the most interesting and 
unusual portion of the text in that it discusses those phys- 
iologic, metabolic, and electrolyte disturbances produced 
by cancer and its therapy that may affect the conduct of 
anesthesia. Some pertinent examples are 1) cardiac necrosis 
secondary to cyclophosphamide, busulphan, 5-fluorouracil, 
doxorubicin, daunorubicin, and mitomycin; and 2) the pul- 
monary toxicity of cyclophosphamide, chlorambucil, bu- 
sulphan, melphalan, BCNU, CCNU, methotrexate, 6-mer- 
captopurine, azothioprine, cytosine arabinoside, bleomycin, 
mitomycin, and procarbazine. 

Most of the authors’ recommendations agree with my 
own. However, on page 147, the authors indicate that so- 
lution of the microaggregate problem requires routine use 
of a 40-micron filter. This is still a debatable problem. An- 
other area of question is the management statement (p. 152) 
that they do not routinely administer platelet concentrates 
but offer no criteria for when they are appropriate. 

The remainder of the text is a review of anesthetic con- 
siderations in the surgical treatment of any critical care pa- 
tient, with extensive reference lists. Some of the techniques 
recommended may not be feasible for everyone, such as 
using the thromboelastograph to monitor coagulation. The 
closing chapter presents a discussion of several cases from 
the authors’ institution, to illustrate their principles of man- 
agement. 

To the anesthesiologist who occasionally anesthetizes a 
patient for cancer surgery, this manual offers insight into 
some of the special problems that may be encountered. 


Hollis E. Bivens, MD 

Professor & Chairman 

Department of Anesthesiology 

The University of Texas System Cancer Center 
Houston, TX 77030 
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Consent to Treatment: A Practical Guide 
F. A. Rozowsky. Boston: Little Brown and Company, 
1984, 698 pp, $75.00 (including supplements 1985, 1986). 


“Many people think of consent to treatment as a form. 
Consent is equated in their minds with a document through 
which patients agree to procedures their physician believes 
are advisable or necessary. Such a definition is incorrect 
and misleading, and in some instances can be dangerous 
.. . Consent is a process, not a form.” In these opening 
lines, the author clearly delineates her concept of consent 
in medicine and in the.ensuing 600 plus pages of this book 
proceeds to describe in detail the case law that defines the 
current concepts of informed consent. In the forward to this 
book, William J. Curran (Professor of Legal Medicine, Har- 
vard University) notes that “the doctrine of informed con- 
sent has developed in the United States from a simple con- 
cept to an extremely complex body of law. It has become 
an area to be feared by every practicing physician and every 
medical research investigator.” He further goes on to say 
that “in this book, -the author presents a broadly compre- 
hensive, deeply detailed, yet very practical guide to prac- 
titioners concerning the demands placed upon them by 
American law in this field. I am greatly impressed by the 
scope of this work ... This is without doubt the most 
comprehensive coverage I have ever read in one volume 
concerning the doctrine of informed consent.” 

The author begins her book by discussing the legal con- 
cept of consent to treatment—the traditional approach, which 
is based on assault and battery, as well as the more modern 
approach, which is based on negligence theory. She then 
outlines the rules for valid consent, particularly the issues 
of coercion and undue influence and the problems related 
to legal capacity and mental capacity. She spends a great 
deal of time on issues concerning the answering of the 
patient’s questions and of the various valid forms of con- 
sent. She attempts to define the patient’s right for basic 
information as well as the information that need not be 
disclosed. She then defines the elements of negligent con- 
sent litigation and how one can defend against this type of 
lawsuit. In other chapters, she deals with consent related 
to women-and reproductive matters, prisoners and detain- 
eés, minors, patients with mental illness, and mental re- 
‘tardation. She devotes an entire chapter to the right to re- 
fuse treatment, with an extensive comparison of the dif- 
ference between curable but life threatening and terminal 
illness. She also discusses the law concerning living wills 
and patient directives, and, in particular, patients with re- 
ligious objections to treatment. The final chapters of her 
book deal with human research and experimentation, organ 
donation and autopsy, and finally, the documentation of 
consent and practical rules for consent. Supplements to the 
initial 1984 edition were published in 1985 and 1986. Sup- 
plements are keyed, paragraph and page number to the 
original text. The publisher reports that the supplement for 
1987 is in preparation and that the cost of the book includes 
the supplements published to date. 


BOOK REVIEWS 


As noted above, the author’s coverage of consent is com- 
prehensive. Despite the fact that I am not a lawyer, I found 
the writing to be lucid and the arguments comprehensible. ` 
Each major chapter and section contains a summary of the 
important points, and the development of the material is 
logical. The weakest sections of the book were the sections 
on experimentation. I personally find the documentation 
provided by the National Institutes of Health to be more 
comprehensive and useful. 

This is not a book for every practitioner of anesthesia. 
There was only one direct reference to anesthesia in the 
entire book. However, the concepts and concerns raised 
would be of interest to many anesthesiologists and to all 
those invalved with anesthesia policy within the hospital, 
particularly the basis of consent for anesthesia. Thus clinical 
chiefs, department chairmen, and those involved with risk 
management would find this book to be of significant value 
with respect to those activities. 


David S. Smith, MD, PhD 

Assistant Professor of Anesthesia 

Hospital of the University of Pennsylvania 
Philadelphia, PA 19104 
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free of clinically significant 
cardiovascular and histamine- 
related side effects... 


ideal for your patients, including 
those at risk.” 











see the safety for yourself. 


Free of clinically significant cardiovascular effects.* 


NORCURON? is the only surgical muscle relaxant for which no clinically significant cardiovascular effects 
were observed in clinical trials.” In fact, even at 12 times effective doses, under halothane anesthesia, ' 
NORCURON® produced no tachycardia, hypotension, or abnormalities of cardiodynamic function. 


Cardiovascular Response to Norcuron® (vecuronium bromide) l 
at 12 Times the ED,,* CO-cardiac output , 
O HR-heart rate 
PMAP-pulmonary mean arterial 
pressure 
PCWP-pulmonary capillary 
wedge pressure 


SMAP-systemic mean arterial 
pressure 


SVR-systemic vascular 
resistance 


% of Control 


85 
2 5 
*Adapted from Morris et al.’ Minutes After Administration 





Histamine release or histamine-related side effects 
unlikely to occur...even at 3.5 times the ED,,.° 


NORCURONE® has not been shown to significantly affect circulating histamine, mean arterial blood 
pressure, and heart rate even in doses at the upper extreme of the recommended clinical range.’ 


The Effect of Nondepolarizing Muscle Relaxants* Percent of Control 


Drug Dose xEDos Histamine Mean Arterial Heart Rate 
(mg/kg) Pressure 


Tubocurarine 0.5 1 
Metocurine 0.57 


Atracurium 0.67 
Vecuronium 0.1 
Vecuronium EER 1 To 


*Adapted from Basta et al.5 
+0.1 mg/kg higher than recommended dose. 








Performance unaffected by renal function.° 


Despite administration of high doses of NORCURON®, no significant differences in onset 
time, duration of action, or recovery index have been noted between patients with and 
without renal function.° 


Comparative Indices of Neuromuscular Blockade for Patients With and Without Renal Function 
Given Equal Doses (0.14 mg/kg)* of NORCURON® (vecuronium bromide) by Bolus Injection' 


Onset (min) 


Duration of time (min) 103.8+ 12.9 
to 90% recovery 1041 EAE? 


Recovery index (min) 


3 Normal Renal Function No Renal Function 


* Although high doses of NORCURON® were used to assess its pharmacokinetics, it is recommended that the initial dose not exceed 0.08 to 0.1 mg/kg. 
t Adapted from Miller et al.® 
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Controlled Clinical Trials is a respected and valuable 
source of information for clinicians and statiszicians 
involved in mounting and monitoring clinical trials and 


= monitoring clinical trials for adverse or beneficial 
effects 
= assessing costs 


long-term follow-up studies. Its articles focus on design 
features or organizational structures that have contrib- 
uted to the success of other studies — from sort-term, 
small-scale trials to long-term multicenter investiga- 
tions — and can be beneficially applied to similar 
projects. 


Controlled Clinical Trials offers proven metiods for: 


Recognizing the importance of effective data manage- 
ment, Controlled Clinical Trials features articles on 
the critical design and operating components of data 
processing systems that are used for maintaining a 
long-term data base, and quality assurance methods 
for error detection in data generation and processing 
procedures. 


= calculating sample size for long-term trials 
= determining patient compliance in ongoing trials 
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As safe 


as albumin or PPF 
In comparative clinical studies, platelet 
counts, hematocrits, serum fibrinogen 
levels, prothrombin times (PT), and 
partial thromboplastin times (PTT) 
seen with Hespan were comparable to 
those seen with albumin or plasma 
protein fraction (PPF).'< 

Other studies demonstrate that 
when any reduction in platelet count 
or prolongation of PT or PTT does 
occur with Hespan, no increased 
bleeding results, even in patients with 
multiple trauma.*° As with any volume 
expander, patients should be moni- 
tored for excessive hemodilution of 
coagulant factors or circulatory over- 
load when large volumes are 
administered. 

When Hespan-treated patients 
were monitored to detect localized or 





systemic sepsis, there was no evi- 
dence of a decrease in their ability to 
ward off infection or combat an estab- 
lished infection. ° 

Hespan is nonantigenic and, as 
with blood-derived colloids, any risk of 
allergic reaction is minimal. Hespan 
also has a negligible effect on sub- 
sequent blood typing or cross- 
matching.‘ 


As effective 


as albumin or PPF 
Comparative clinical studies have 
repeatedly demonstrated that Hespan 
is as effective as albumin or PPF in 
postoperative myocardial revasculari- 
zation,’ ’ and hemorrhagic, traumatic, 
or septic shock." 






Wosseoy) wedsel 


es 
7 
d 
Tae 


Du Pont Critical Care, Inc. 


No significant differences between 
Hespan and albumin or PPF were 
noted in any efficacy parameter.’ >” 
Hespan effectively maintained colloid 
osmotic pressure, restored plasma vol- 
ume, and improved cardiac output 
and renal function in hypovolemic 
patients! ®.’ And, the volume-expanding 
effect of a single infusion of Hespan 
can persist for 24 hours or longer. 


Half the price 
of albumin or PPF 


Hespan offers a potential savings to 
your hospital of tens of thousands of 
dollars a year. 


For additional information, contact 
the Medical Services Department, 
Du Pont Critical Care, 1600 Waukegan 
Road, Waukegan, IL 60085. Phone 


1-800-323-4980. 
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moneysaving 





Please see references and brief summary of 
prescribing information on following page. 
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erative cardiac surgery patients. Crit Care Med 11 (12):943- 
945, 1983. 3. Kirklin JK, Lell WA, Kouchoukos NT: Hydr3xy- 
ethyl starch versus albumin for colloid infusion follc wirg 
cardiopulmonary bypass in patients undergoing myocerdial 
revascularization. Ann Thorac Surg 37 (1):40-46, 1984. 

4. Puri VK, Paidipaty B, White L: Hydroxyethyl starch fcr 
resuscitation of patients with hypovolemia and shozk. Crit 
Care Med 9 (12):833-837 1981. 5. Shatney CH, Deeoika K, 
Militello PR, et al: Efficacy of hetastarch in the resuscitation 
of patients with multisystem trauma and shock. Arch Surg 


118:804-809, 1983. 6. Daniels MJ, Strauss RG, Smith-Floss AM: 


Effects of hydroxyethyl starch on erythrocyte typinz and 
blood crossmatching. Transfusion 22 (3):226-228, 1982. 

7. Rackow EC, Falk JL, Fein IA, et al: Fluid resuscitation in 
circulatory shock: A comparison of the Cardiorespiratory 
effects of albumin, hetastarch, and saline solutions in 
Patients with hypovolemic and septic shock. Crit Care Med 
11(11):839-850, 1983. 


HESPAN (hetastarch) 


6% Hetastarch in 0.9% Sodium Chloride 
Injection 

CONTRAINDICATIONS 

Hetastarch is contraindicated in patients with severe 
bleeding disorders or with severe congestive cardiac and 
renal failure with oliguria or anuria. 

WARNINGS 

Large volumes may alter the coagulation mechanism. Thus, 
administration of hetastarch may result in transient prolon- 
gation of prothrombin, partial thromboplastin and slotting 
times. With administration of large doses, the physician 
should also be alert to the possibility of transient prolonga- 
tion of bleeding time. 

Hematocrit may be decreased and plasma proteins diluted 
excessively by administration of large volumes of 
hetastarch. 

Usage in Leukapheresis: Significant declines in platelet 
counts and hemoglobin levels have been observed in 
donors undergoing repeated leukapheresis procecures due 
to the volume expanding effects of hetastarch. Hemoglobin 
levels usually return to normal within 24 hours. Hemodilu- 
tion by hetastarch and saline may also result in 24 hour 
declines of total protein, albumin, calcium and fibr nogen 
values. 

Usage in Pregnancy: Reproduction studies have been 
done in mice with no evidence of fetal damage. Relevance 
to humans is not known since hetastarch has not been 
given to pregnant women. Therefore, it should not be used 
in pregnant women, particularly during early pregrancy, 
unless in the judgment of the physician the potential bene- 
fits outweigh the potential hazards. 

Usage in Children: No data available pertaining to use i^ 
children. 

The safety and compatibility of additives have not been 
established. 

PRECAUTIONS 

The possibility of circulatory overload should be kept in 
mind, Special care should be exercised in patients wo 
have impaired renal clearance since this is the principal 
way in which hetastarch is eliminated. Caution should be 
used when the risk of pulmonary edema and/or congestive 
heart failure is increased. Indirect bilirubin levels cf 

0.83 mg% (normal 0.0-0.7 mg%) have been reported in 

2 out of 20 normal subjects who received multiple heta- 
starch infusions. Total bilirubin was within normal | mits at 
all times; indirect bilirubin returned to normal by ©6 hours 
following the final infusion. The significance, if any, of these 
elevations is not known; however, caution should be 
observed before administering hetastarch to patients with 
a history of liver disease. 

Regular and frequent clinical evaluation and laboratory 
determinations are necessary for proper monitoring of 
hetastarch use during leukapheresis. Studies should 
include CBC, total leukocyte and platelet counts, leukocyte 
differential count, hemoglobin, hematocrit, prothrambin 
time (PT), and partial thromboplastin time (PTT). 
Hetastarch is nonantigenic. However, allergic or sens tivity 
reactions have been reported (see ADVERSE REACTIONS). 
If such reactions occur, they are readily controllec by dis- 
continuation of the drug and, if necessary, administratior of 
an antihistaminic agent. 

ADVERSE REACTIONS 

The following have been reported: vomiting, mild tem pera- 
ture elevation, chills, itching, submaxillary and parotid glan- 
dular enlargement, mild influenza-like symptoms, nead- 
aches, muscle pains, peripheral edema of the lower 
extremities, and anaphylactoid reactions consisting cf peri- 
orbital edema, urticaria, and wheezing. 

HOW SUPPLIED 

NDC 0094-0037-05-Hespan’ (6% Hetastarch in 0.6% 
Sodium Chloride Injection) is supplied sterile and nor pyro- 
genic in 500 ml intravenous infusion bottles. 





CAUTION 
Federal (U.S.A.) law prohibits dispensing without pre- 
scription. Rev Feb., 1982 
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THE DEPARTMENT OF ANESTHESIOLOGY AND THE 
PAGE AND WILLIAM BLACK POST-GRADUATE 
SCHOOL OF MEDICINE OF THE MOUNT SINAI 

SCHOOL OF MEDICINE (CUNY) 


announce 


THE SILVER ANNIVERSARY OF 
THE BERNARD H. ELIASBERG SYMPOSIUM 


THE CARDIAC PATIENT FOR NON-CARDIAC 
SURGERY — THE EXPERTS OPINE 


FIRST ANNUAL MOUNT SINAI DEPARTMENT OF 
` ANESTHESIOLOGY ALUMNI DAY 


Saturday and Sunday, November 7 and 8, 1987 
Mount Sinai Medical Center, New York, New York 


Faculty: Paul G. Barash, M.D., Mieczyslaw Finster, M.D., 
Anita V. Guffin, M.M.S., Joel A. Kaplan, M.D., Robert Merin, 
M.D., J. Gerald Reves, M.D., lan H. Sampson, M.D., George 
Silvay, M.D., David Steward, M.D., Jeremy Swan, M.D., 
Daniel M. Thys, M.D. 


The Page and William Black Post-Graduate School of Medi- 
cine of the Mount Sinai School of Medicine (CUNY) desig- 
nates this continuing medical education activity for 11 hours in 
Category | of the Physician's Recognition Award of the 
American Medical Association. 


For further details contact: 


George Silvay, M.D., Ph.D. 
Department of Anesthesiology, Box 1010 
Mount Sinai Medical Center, One Gustave L. Levy Place 
New York, NY 10029 
(212) 650-5954 


PEDIATRIC ANESTHESIOLOGIST 


Shriners Hospital for Crippled Children 
Tampa, Florida 





Pediatric Anesthesiologist needed for pediatric 
orthopaedic hospital. The Shriners Hospital is a 60 
bed hospital with orthopaedic surgical, clinical and 
rehabilitative services, located on the University of 
South Florida campus in North Tampa. This position 
involves pre-operative examinations, participation in 
clinical evaluation conferences, and elective surgical 
anesthesia four days per week. This is a challenging 
opportunity to work with children with a multitude of 
congenital and acquired deformities. A fellowship or 
equivalent experience in pediatric anesthesia is pre- 
ferred. A benefit package, including malpractice, is 
available. This position is open immediately. For 
information or apply by sending curriculum vitae and 
3 references to: 

Nicte-Ha Q. Shier, M.D. 

Chief of Anesthesia 

Shriners Hospital Tampa Unit 

12502 North Pine Drive 

Tampa, Florida 33612-9499 
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Important New Publications in Anesthesia from 
GRUNE & STRATTON, INC. 


JOURNAL OF 
CARDIOTHORACIC ANESTHESIA 


Editor-in-Chief 
Joel A. Kaplan, M.D. 


Associate Editors 


J. Earl Wynands, M.D., Roger Wilson, M.D., and 
Dennis T. Mangano, Ph.D., M.D. 


Volume 1, 1987 (First issue February) 
Published bimonthly, approx. 432 pages per year 
Annual subscriptions, U.S.A. and Canada: 
$75.00 individuals/$95.00 institutions 
(All other countries: $109.00) 
Student/resident rate is also available. 
ISSN: 0888-6296 
Journal orders must be paid in advance. Individual journal or- 
ders must be paid by personal check or credit card. 


PARTIAL CONTENTS: FEBRUARY 1987:Carl W Litak, Fiona E Ral- 
ley] Earl Wynands, David M Ansley, MH Sami, Hemodynamic Vanables 
and the Incidence of Prebypass Ischemia During Sufentanil/O2/Pancuronium 
Anesthesia in Patients Undergoing Coronary Artery Surgery, Randall J 
Stockham, Theodore H Stanley, Nathan L Pace, Keith King, Fred Groen, 
Stephen T Gillmor, Induction of Anesthesia with Fentanyl or Fentanyl Plus 
Etomidate in High-Risk Patients. Anita Guffin, Dominique Girard, Joel A 
Kaplan, Shivering Following Cardiac Surgery: Hemodynamic Changes and 
Reversal, Ronald G Pearl, Mervyn Maze, and Myer H Rosenthal, Pulmonary 
and Systemic Hemodynamic Effects of Central Venous and Left Atrial Sym- 
pathomimetic Drug Administration in the Dog F.G. Estafanous, Z. Shengt, R 
Pedrinelli, S/S Azmy, RC Tarazi, Hemodilution Affects the Pressor Response 
to Norepinephrine. APRIL 1987 Robert A GuytonMario Chiavarelli, Carol 
Ann Padgett, Edson H Cheung, Gerald W Staton, Charles R Hatcher, The In- 
fluence of Positive End-Expiratory Pressure on Intrapericardial Pressure and 
Cardiac Function After Coronary Artery Bypass Surgery, Roger A Moore, 
Michael J Neary, John D. Gallagher, Donald L Clark, Determination of the 
Pulmonary Capillary Wedge Postion in Patients With Giant Left Atrial V 
Waves. Nguyen D Fien, David A White, John A Reitan, John H Eisele, Jr, 
The Influence of Adenosine Triphosphate on Left Ventricular Distribution 
During Aortic Crossclamping in Dogs. GS Kotter, Myocardial Ischemia 
During Cardiovascular Surgery as Detected by an ST Segment Trend 
Monitoring System. 


CARDIAC ANESTHESIA, 
Second Edition 


Edited by 


Joel A. Kaplan, M.D. 
Professor and Chairman 
Department of Anesthesiology 
Mount Sinai School of Medicine 
New York, NY 


1987, approx. 1312 pp., approx. $124.50 
(Two volume set not sold separately) 
ISBN: 0-8089-1848-6, Order Code: 792246 


Cardiac Anesthesia, Second Edition, combines, expands, and updates 
material from Volumes I & II. 

This unique new text provides a comprehensive review of all aspects of 
anesthesia for patients undergoing cardiac surgery as well as the management 
of the cardiac patient for non-cardiac surgery. This highly informative text 
presents in depth coverage of the anesthetic management of all types of car- 
diac surgical patients ranging from congenital heart disease to heart 
transplantation, pharmacologic and mechanical support of the circulation, 
and the postoperative care of these patients. All new aspects of anesthesia, 
cardiology, and cardiac surgical care are emphasized . 

Pharmacology of anesthetic drugs in cardiac patients, cardiovascular and 
central nervous system monitoring, preoperative evaluation and preparation 
of patients for cardiac surgery are all thoroughly covered as well. 

Cardiac Anesthesia, Second Edition is designed for trainees in cardiac 
anesthesia and cardiac surgery as well as practitioners of anesthesiology and 
critical care medicine. 
zanan RCRS 








Enlon 


(edrophonium chloride 
injection, USP) 


A rapid-acting 
neuromuscular reversal agent 








From the developers of 
Ethrane (ensuranc) and F or ANE isoflurane) 
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60-second reversal 
of neuromuscular blockade 


e Onset of reversal significantly faster than with neostigmine or 
pyridostigmine—60 seconds versus 7 minutes for neostigmine, 12 
minutes for pyridostigmine.’” 





e Duration of reversal comparable to that of neostigmine—66 minutes 
versus 76 minutes for neostigmine.'” 


e Significantly fewer muscarinic side effects and lower atropine 
requirement than with neostigmine—edrophonium, 0.5 mg/kg, with 
only 7 uglkg atropine, produced minimal change in heart rate or mean 
arterial pressure compared to noticeable changes in both indexes 
following neostigmine, 0.04 mg/kg, using twice the atropine dose 
(15 yg/kg)."” 

o May be the preferred reversal agent for atracurium and vecuronium 
“ compared with neostigmine, edrophonium has a more complete 
spectrum of atracurium reversal characteristics, and...antagonizes 
more rapidly residual atracurium-induced neuromuscular blockade.’” 


“Fdrophonium may in fact be the preferred reversal agent for routine 
use with [vecuronium], having the advantages that restoration of 
voluntary muscle function is very rapid, and that the relatively small 
dose of atropine required minimizes the unwanted side-effects of 
this drug.’” -- =-  - 


*Note: When duration of action is adjusted for differences in onset of action, the relative durations are 65 minutes for edrophonium 
and 69 minutes for neostigmine. 


1. Cronnelly R, Morris RB, Miller RD: Edrophonium: duration of action and atropine requirement in humans during halothane anesthesia. Anesthesiolo 
57:261-266, 1982. 2. Miller RD, et al: Comparative times to peak effect and duration of action of neostigmine and pyridostigmine. Anesthesiology 
41:27-33, 1974. 3. Jones RM, Pearce AC, Williams JP: Recovery characteristics following antagonism of atracurium with neostigmine or edrophoniu 
Br J Anaesth 56:453-457, 1984. 4. Baird WLM, Bowman WC, Kerr WJ: Some actions of ORG NC45 and of edrophonium in the anaesthetized cat 

and in man. Br J Anaesth 54:375-385, 1982. 


Please see use information on next page. 
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® 
Enlon (edrophonium chloride injection, USP) 


DESCRIPTION 

ENLON (edrophonium chloride injection, USP) is a rapid acting cholinergic 
(cholinesterase inhibitor). Chemically edrophonium chloride is ethyl 
(m-hydroxyphenyl) dimethylammonium chloride and its structural formula is: 


C2Hs 


HO N+ (CH3)2 Cl- 


ENLON contains in each mL of sterile solution. 

10 mg edrophonium chloride compounded with 0.45% phenol and 0.2% sodium 
sulfite as preservative, buffered with sodium citrate and citric acid. Its PH is adjusted 
to approximately 5.4. 


CLINICAL PHARMACOLOGY 

ENLON (edrophonium chloride injection, USP) activates neuromuscular transmission 
primarily by inhibiting or inactivating acetylcholinesterase. By inactivating the 
acetylcholinesterase enzyme, acetylcholine is not hydrolyzed by acetylcholinesterase 
and is thereby allowed to accumulate. The accumulation of acetylcholine at the sites 
of cholinergic transmission facilitates transmission of impulses across the myoneural 
junction. 

INDICATIONS AND USAGE 


ENLON (edrophonium chloride injection, USP) is recommended as a reversal agent 
or antagonist of nondepolarizing muscle relaxants such as tubocurarine, metocunne, 
atracurium, vecuronium, or pancuronium. It is not effective against depolarizing 
relaxants such as succinylcholine and decamethonium. It is also useful if used 
adjunctively in the treatment of respiratory depression caused by curare overdosage. 
ENLON is recommended for use in the differential diagnosis of myasthenia gravis. 
It may also be used as an adjunct to evaluate treatment requirements of the disease, 
and for evaluating emergency treatment in myasthenic crisis. It is not recommended 
for maintenance therapy in myasthenia gravis. 


CONTRAINDICATIONS 

ENLON (edrophonium chloride injection, USP) is not to be used in patients with 
known hypersensitivity to anticholinesterase agents, or in patients having urinary 
obstructions of mechanical type. 


WARNINGS 


It is recommended that 1 mg atropine sulfate should be made available for immediate 
use, to counteract any severe cholinergic reaction. ENLON (edrophonium chloride 
injection, USP) should be used with caution in patients with bronchial asthma or 
cardiac dysrhythmias. Transient bradycardia may occur and be relieved by atropine 
sulfate. Isolated instances of cardiac and respiratory arrest following administration 
of edrophonium chloride have been reported. It is postulated that these are vagotonic 
effects. 


PRECAUTIONS 

Gen »ral: As with any antagonist of nondepolarizing muscle relaxants, adequate 
reco ary of voluntary respiration and neuromuscular transmission must be obtained 
pric to discontinuation of respiratory assistance. Should a patient develop 
“ant -holinesterase insensitivity” for brief or prolonged periods, the patient should 
be carefully monitored and the dosage of anticholinesterase drugs reduced or 
withheld until the patient again becomes sensitive to them. 

Drug Interactions: The drug should not be administered prior to the administration 
of any nondepolarizing muscle relaxants. The drug should be administered with 
caution to patients with symptoms of myasthenic weakness who are also on 
anticholinesterase drugs. Anticholinesterase overdosage (cholinergic crisis) 
symptoms may mimic underdosage (myasthenic weakness) so the use of this drug 
may worsen the condition of these patients (see OVERDOSAGE section for treatment). 
Pregnancy Category C: It is not known whether ENLON (edrophonium chloride 
injection, USP) can cause fetal harm when administered to a pregnant woman or 
can affect reproduction capacity, since there have been no adequate and well 
controlled studies in humans. 

Labor and Delivery: The effect of ENLON on the mother and fetus, on the 
duration of labor or delivery, on the possibility that forceps delivery or other 
intervention or resuscitation of the newborn will be necessary is not known. The 
effect of the drug on the later growth, development and functional maturation of 
the child is also unknown. 

Nursing Mothers: The safety of ENLON during lactation in humans has not been 
established. 


ADVERSE REACTIONS 


A patient in myasthenic crisis, being treated with ENLON (edrophonium chloride 
injection, USP) should be observed for bradycardia or cardiac standstill and 
cholinergic reactions if an overdosage is given. Reactions common to anti- 
cholinesterase agents such as edrophonium chloride are: 

Cardiovascular: arrhythmias (especially bradycardia) fall in output leading to 
hypotension; 

Respiratory: increased tracheobronchial secretions, laryngospasm, bronchiolar 
constriction and respiratory muscle paralysis; 

Neurologic: convulsions, dysarthria, dysphonia, and dysphagia; 
Gastrointestinal: nausea, vomiting, increased peristalsis, increased gastric and 
intestinal secretions, diarrhea, abdominal cramps; 

Musculoskeletal: weakness and fasciculations; 

Miscellaneous: increased urinary frequency, diaphoresis, increased lacrimation, 
pupillary constriction, diplopia, and conjunctival hyperemia. 
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OVERDOSAGE 
Muscarine-like symptoms (nausea, vomiting, diarrhea, sweating, increased bronchial 
and salivary secretions and bradycardia) may appear with overdosage (cholinergic 
crisis) of ENLON (edrophonium chloride injection, USP) but may be managed by 
the use of atropine. Obstruction of the airway by bronchial secretions can arise and 
may be managed with suction (especially if tracheostomy has been performed) and 
by the use of atropine. Signs of atropine overdosage such as dry mouth, flush and 
tachycardia should be avoided as tenacious secretions and bronchial plugs may form. 
Should edrophonium chloride overdosage occur: 

1. Maintain respiratory exchange. 

2. Monitor cardiac function. 
Appropriate measures should be taken if convulsions or shock are present. 


DOSAGE AND ADMINISTRATION 

The recommended adult intravenous injection for antagonism of neuromuscular 
block: 

Administer 1 mL (10 mg) slowly within a period of 30 to 45 seconds, the dosage 
may be repeated to a maximum total dose of 4 mL (40 mg). Its onset of action is 
manifest within 30 to 60 seconds after injection. Response should be monitored 
carefully and assisted ventilation should always be employed. When given to 
counteract muscle relaxant overdosage, the dose effect on respiration should be 
observed prior to repeat dosages and assisted ventilation should be employed. 
ENLON (edrophonium chloride injection, USP) Test in Differential Diagnosis of 
Myasthenia Gravis: 


Adults: 

Intravenous Dosage: Prepare a tuberculin syringe with 1 mL (10 mg) of ENLON 
and an intravenous needle; intravenously inject 0.2 mL (2 mg) within 15 to 30 seconds. 
The needle should be left in situ. If a cholinergic reaction (muscarinic side effects, 
skeletal muscle fasciculations and increased muscle weakness) occurs, discontinue 
test and intravenously administer 0.4 mg to 0.5 mg atropine sulfate. Inject the 
remaining 0.8 mL (8 mg) only if no reaction occurs after 45 seconds. The test may 
be repeated after one-half hour. 

Intramuscular Dosage: Intramuscularly inject 1 mL (10 mg) of ENLON. If 
hyperreactivity (cholinergic reaction) is demonstrated, retest the patient after one- 
half hour with another intramuscular injection of 0.2 mL (2 mg) ENLON. This will 
eliminate the possibility of false-negative reactions. 


Children: 

Intravenous dose in children weighing up to 75 pounds: 

Intravenously inject 0.1 mL (1 mg) ENLON. If there is no response within 45 seconds, 
incremental doses of 0.1 mL (1 mg) given every 30 to 45 seconds may be administered 
to a maximum total dose of 0.5 mL (5 mg). The recommended dose in infants is 
0.05 mL (0.5 mg). 

Intravenous dose in children weighing above 75 pounds: 

Intravenously inject 0.2 mL (2 mg) ENLON. If there is no response within 45 seconds, 
incremental doses of 0.1 mL (1 mg) given every 30 to 45 seconds may be administered 
to a maximum total dose of 1 mL (10 mg). 

Intramuscular Dose: Intramuscularly inject 0.2 mL (2 mg) ENLON in children 
weighing up to 75 pounds; above this weight, the dose is 0.5 mL (5 mg). All signs 
of hyperreactivity (cholinergic reaction) noted in the intravenous test will be 
demonstrated in the intramuscular test; however, there is a two to ten minute delay 
before reaction. 

ENLON (edrophonium chloride injection, USP) Test to Evaluate Treatment 
Requirements in Myasthenia Gravis: 

The test dose of ENLON should follow one hour after oral intake of the drug being 
used to treat the disease. The recommended dose is 0.1 mL to 0.2 mL (1 mg to 
2 mg) administered intravenously. Response to ENLON test dose in treated 
myasthenic patients is summarized as follows: 

Undertreated patient: Myasthenic response; characterized by increased muscle 
strength (ptosis, diplopia, dysphonia, dysphagia, dysarthria, respiration, limb 
strength). This indicates inadequate treatment of the myasthenic condition. 
Controlled patient: Adequate response; characterized by no change in muscle 
strength with minimal side reactions (lacrimation, diaphoresis, salivation, abdominal 
cramps, nausea, vomiting, diarrhea). Fasciculations (orbicularis oculi, facial muscles, 
limb muscles) may or may not occur. The response indicates that therapy is stabilized. 
Overtreated patient: Cholinergic response; characterized by decreased muscle 
strength and severe side reactions. Fasciculations may be observed. This response 
occurs in myasthenics who have been overtreated with anticholinesterase drugs. 
ENLON (edrophcnium chloride injection, USP) Test in Crisis: 

Crisis in the myasthenic patient is characterized as a state of severe respiratory 
distress with inadequate ventilatory exchange, and unpredictable response to 
medication. If the patient is apneic, achieve ventilatory exchange immediately to 
avoid cardiac arrest and irreversible central nervous system damage. 

The ENLON Test should not be conducted until respiratory exchange is maintained. 
The cholinergic patient will exhibit further weakness in the muscles of respiration 
and will have increased oropharyngeal secretions if ENLON is administered. 
Whereas, upon administration of ENLON the myasthenic patient will demonstrate 
improved respiration and can be given additional medication. To perform the test 
prepare a syringe with 0.2 mL (2 mg) ENLON and intravenously inject 0.1 mL 
(1 mg). The patient's cardiac and respiratory actions should be observed for change. 
The remaining 0.1 mL (1 mg) may be injected after one minute if no response is 
noted. If, after the entire 0.2 mL (2 mg) dose has been injected, no improvement 
in respiration occurs, discontinue all anticholinesterase drugs. Controlled ventilation 
can be achieved by tracheostomy with assisted respiration. 


HOW SUPPLIED 
ENLON (edrophonium chloride injection, USP): 
NDC 10019-873-15 15 mL multidose vials. 
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PRIVATE TUTORING AVAILABLE FOR WRIT- 
TEN AND ORAL BOARD EXAMS 

Send name, address, and phone to Box ANA 
5-84-E, % Anesthesia and Analgesia, 333 Ce- 
dar Street, New Haven, CT 06510. Or phone 
718-727-9690. 


SOUTHWESTERN PA ANESTHESIOLOGIST 

BE/BC to join group. All except open heart. 
Opening immediately. Excellent compen- 
sation and future for right person. Re- 
sponse confidential. Pittsburgh area. Sub- 
mit CV to Box L26, % Anesthesia and Analgesia, 
333 Cedar Street, New Haven, CT 06510. 


ORAL BOARD REVIEW 

Practice exams with critique. Intensive 
weekend course in Tampa, FL. Next class 
Sep. 11-13. Two instructors. Limited class 
size. Reply: 2656 Gunckel BI., Toledo, OH 
43606, or (419) 475-9641. 


NORTH CAROLINA 

Anesthesiologist needed to join fee-for-ser- 
vice group. Full partnership after year on 
salary. Send CV to Box BB10, % Anesthesia 
and Analgesia, 333 Cedar Street, New Ha- 
ven, CT 06510. 


MIDWEST PAIN MANAGEMENT 

Expanding Midwest anesthesia practice 
seeks anesthesiologist trained in all aspects 
of pain management to join group as as- 
sociate. Opportunity to establish a new ser- 
vice with support structure of established 
group. Send CV to Box CC13, % Anesthesia 
and Analgesia, 333 Cedar Street, New Ha- 
ven, CT 06510. 





MIDWEST CRITICAL CARE 

Expanding Midwest anesthesia practice 
seeks anesthesiologist trained in critical care 
medicine to join corporation as mainstream 
associate. Duties to include physician-in- 
charge of an ICU unit, teaching and the 
clinical practice of anesthesiology in a ter- 
tiary medical center. Send CV to Box CC14, 
% Anesthesia and Analgesia, 333 Cedar Street, 
New Haven, CT 06510. 


TEXAS 

Two board eligible/certified anesthesiolo- 
gists to join PA group of six boarded MDs 
to form all-MD anesthesia service in 300-bed 
Catholic hospital in community of 160,000. 
No OB; mainly cardiovascular, neuro, ortho 
and general surgery. Generous financial ar- 


rangements; partnership available when 
boarded. Recreational activities and cultural 
arts plentiful. Five-hour drive to mountains/ 
skiing. Position available 7/1/87. Send CV 
to Box CC12, % Anesthesia and Analgesia, 333 
Cedar Street, New Haven, CT 06510. 


UNIVERSITY OF CALIFORNIA, IRVINE 

is seeking a senior faculty person to serve 
as Chief of Anesthesia Services for the Vet- 
erans Administration Medical Center in Long 
Beach. This service is part of the integrated 
Anesthesia Residency training program at 
the University of California, Irvine. Inter- 
ested applicants should have experience in 
basic and clinical research, administration 
and resident training. Research space and 
funding are available. Salary is commen- 
surate with the position. Candidates must 
be Board certified and be eligible for a Cal- 
ifornia State license. An Affirmative Action, 
Equal Opportunity Employer. Address cor- 
respondence with references and curricu- 
lum vitae to Kevin K. Tremper, PhD, MD, 
Chairman, Department of Anesthesiology, 
University of California, Irvine Medical 
Center, 101 City Drive South, Rt. 81A, 
Orange, CA 92668. 


RESEARCH FELLOWSHIP 

The W.E. Spoerel Fellowship has been es- 
tablished by the Department of Anaesthesia 
to encourage training of clinical investiga- 
tors. A research training program, orga- 
nized jointly by the Departments of Anaes- 
thesia and Pharmacology and Toxicology, 
will lead to either an MSc or PhD degree. Re- 
numeration will be based on the pay scale 
of MRC Fellows for the appropriate level of 
experience and $5000 per annum will be 
available for research expenses. The Fellow- 
ship will be granted for 1 year and renew- 
able for up to 3 years with annual evaluation 
of progress. Applications for July 1, 1987, 
and July 1, 1988, are invited from anesthe- 
tists in training or those who have com- 
pleted their training within the past 3 years. 
Scientists at the postdoctoral level may also 
apply. Please reply in writing, including a 
current curriculum vitae to W.A. Tweed, 
MD, FRCP(C), Professor and Chairman, De- 
partment of Anaesthesia, University Hos- 
pital, 339 Windermere Road, London, On- 
tario, Canada N6A 5A5. 


OB ANESTHESIOLOGIST 

A 400-bed Texas hospital is recruiting an OB 
Anesthesiologist to complement current OB 
Anesthesia Services. The Hospital currently 
has 3000 births per year and offers high-risk 





delivery and neonatal intensive care ser. 
vices. The candidate shall have experience 
in general and regional anesthesia with em 
phasis on obstetrical epidural anesthesia 
Please submit curriculum vitae to Box D23 
% Anesthesia and Analgesia, 333 Cedar Street 
New Haven, CT 06510. 


ANESTHESIOLOGIST 

233-Bed teaching hospital with residents i1 
Surgery, OB/GYN, Internal Medicine, anc 
Family Practice seeking two Staff Anesthe 
siologists—one to be appointed as Chief 
Department of Anesthesiology. Candidate: 
should be Board Eligible or Certified ir 
Anesthesia and have experience in critica 
care anesthesia, epidural and pediatrii 
anesthesia. Salary negotiable depending or 
experience. Hospital located in beautiful Sar 
Joaquin County, close to major cities anc 
skiing. Submit CV and references or contac 
Nathaniel M. Matolo, MD, Director of Sur 
gery, San Joaquin General Hospital, PO Bo: 
1020, Stockton, CA 95201. Phone: (209) 460 
6600. AA/EOE. 


DELAWARE 

Immediate opening for BC/BE anesthesiol 
ogist in group at an 1100-bed university 
affiliated tertiary care medical center. Al 
major surgical specialties. Recent fellow 
ship training preferred. Unusual opportu 
nity with excellent benefits and early part 
nership. Send CV with references t 
Anesthesia Services, P.A., 3513 Concor 
Pike, Wilmington, Delaware 19803. 


CLASSIFIED ADS 


Anesthesia and Analgesia makes available clas- 
sified advertising space for those interested in 
obtaining positions, or wishing to announce 
meetings, postgraduate courses, or other events. 
Display space (minimum '4 page) is also avail- 
able through Pharmaceutical Media, Inc. Rates 
for classified advertising: $1.00 per word, min- 
imum twenty words. Additional fee of $12.00 
for box number ads. Copy deadline 7 weeks 
prior to publication, e.g., for the March issue, 
copy should be received by the Ist of January. 
Full payment or institutional purchase order 
must accompany the copy for each ad. Ads 
received without a check or purchase order will 
be returned. Ad copy, subject to acceptance by 
publisher, should be typed double-spaced and 
mailed in duplicate to: 

Anesthesia and Analgesia 

Desk Editorial 

Classified Ads 

Elsevier Science Publishing Co, Inc, 

52 Vanderbilt Avenue, New York, NY 10017. 
Make checks payable to Elsevier Science Pub- 
lishing Co, Inc. 
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KENTUCKY 

The Department of Anesthesiology, Uni- 
versity of Kentucky in Lexington is seeking 
additional faculty. We are recruiting two 
qualified physicians to direct the outpatient 
and pediatric anesthesia programs and a 
second faculty member for our pain man- 
agement program. Applicants must be board 
eligible/certified, interested in medical stu- 
dent and resident teaching as well as clinical 
research. Excellent salary and fringe benefit 
program. Please reply with curriculum vitae 
to William O. Witt, MD, Chairman, Depart- 
ment of Anesthesiology, University of Ken- 
tucky Medical Center, Lexington, KY 40536- 
0084. 








TENNESSEE; ANESTHESIOLOGIST 

Private hospital group practice seeks BC/BE 
Anesthesiologist. All types of high-risk sur- 
gical procedures except OB and OH. Ad- 
ditional training in cardiovascular or neu- 
roanesthesia is advantageous. Send CV to 
Anesthesiologists Group, P.C., PO BOX 
50578, Nashville, TN 37205. 








CHIEF OF ANESTHESIOLOGY/STAFF 
ANESTHESIOLOGISTS 

BC/BE immediate opening at San Francisco 
Bay Area Trauma Center/County Teaching 
Hospital. Staff includes seven MDs, six CRNAS. 
CV to John Lennox, Do, Highland General 
Hospital, 1411 E. 31st Street, Oakland CA 
94602—an Equal Opportunity/Affirmative 
Action Employer. 








TUTORING FOR WRITTEN AND ORAL 
BOARD EXAMS: 

Individual or small group sessions given in 
New York City, San Francisco, and Palm 
Springs. Unique approach to development 
of test-taking skills, including mock orals. 
Basic science emphasis. Call 415-321-1117. 








ANESTHESIOLOGIST 

JCAH-approved hospital. No OB or OH. 
Join 5 anesthesiologists. Professional Cor- 
poration. Excellent department and envi- 
ronment. Contact Holyoke Anesthesia As- 
sociates, 575 Beech St., Holyoke, MA 01040. 
(413) 532-9129. 








ANESTHESIOLOGIST 

Full-time position at Instructor or Assistant 
Professor level with the University of Louis- 
ville. Must be board eligible and meet Ken- 
tucky licensure requirements. Competitive 
salary and fringe benefits. Applicants please 
send curriculum vitae to B. M. Rigor, MD, 
Chairman, Department of Anesthesiology, 
School of Medicine, University of Louis- 
ville, Louisville, Kentucky 40292. The Uni- 
versity of Louisville is an Affirmative Ac- 
tion, Equal Opportunity Employer. 





TENNESSEE 

Anesthesiologist: Fulltime positions at level 
of*Instructor/Associate Professor level with 
emphasis on teaching, patient care and clin- 
ical research. Prerequisite: meet Tennessee 
license requirements and ABA diplomat or 
eligible for ABA examination. Prefer inter- 
est and experience in teaching and patient 
care. Excellent opportunity for an anesthe- 
siologist who wants an ideal mix of private 
practice with teaching and clinical research. 
Send curriculm vitae, bibliography and the 
name of at least three references to John J. 
Angel, MD, Acting Chairman, Department 
of Anesthesiology, The University of Ten- 
nessee, Memphis, 877 Jefferson Avenue, 
Chandler Bldg. Room FG25, Memphis, TN 
38138. AA/EEO Employer. 








ANESTHESIOLOGISTS & CRNAs 

Are you ready for “New Beginnings”? John 
Paju, CRNA, has been successfully placing 
his colleagues (both MD and CRNA) into 
hundreds of temporary and permanent po- 
sitions throughout the US since 1969. For 
that personal and helpful touch call John or 
one of our Placement Coordinators at 1-800- 
FAST-GAS to discuss exciting job poten- 
tials. Send your resume to 619 South State 
Street, Ukiah, CA 95482. Placements are paid 
by the employer! 








PENNSYLVANIA 

Chief of Anesthesia to head department 
serving 200-bed community hospital in south 
central Pennsylvania. Board certification and 
administrative experience. Fee-for-service 
practice. Well-equipped department. All 
types of surgeries except heart. Position in- 
cludes active practice of anesthesiology and 
responsibility for quality assurance stan- 
dards and smooth operation of anesthesia 
services. Easy access to major cities. Good 
schools, recreational and cultural facilities. 
Send CV to Lawrence Scanlan JR, President, 
Community General Hospital, Reading, PA 
19601. 





a 


ANESTHESIOLOGISTS 

Excellent, prequalified individuals available 
to join your group on a career or temporary 
basis. For more information please contact: 
Southwest Anesthesia Services, PO Box 5719, 
Santa Fe, New Mexico 87502, (505) 983-7371. 








PAIN MANAGEMENT 

Unique opportunity for BC/BE Anesthe- 
siologist with clinical ability to join pro- 
gressive group of anesthesiologists. Prac- 
tice limited to Pain Management. No OR or 
OB anesthesia. All procedures for treatment 
of pain including transphenoidal pituitary 
adenolysis and implantable reservoirs. 
Strong ancillary support services including 
full-time psychologist. Applicant should 
possess a strong interest in regional anes- 
thesia and desire one-on-one patient con- 
tact. Willing to train right individual Fx- 


cellent salary and benefits. Send CV to Pain 
Consortium of Greater KC., 8301 State Line, 
Kansas City, MO 64114. 


owt ann 








IMMEDIATE OPENING 

For BC/BE anesthesiologist to join group in 
semirural college community located in 
northwest Pennsylvania. No OH, no neuro. 
Interest in pain desirable. Send CV and three 
references to PO Box 1434, Meadville, PA 
16335. 








MASSACHUSETTS 

Due to expansion and retirement, the Anes- 
thesia Service at Salem Hospital is seeking 
a BE/BC anesthesiologist to join our group 
to provide services at a progressive com- 
munity hospital just north of Boston. All 
surgical specialties except OH. We offer a 
competitive salary and excellent fringe 
package, as well as the opportunity of 
working with a group of university-trained, 
board certified physicians. For further in- 
formation, contact Dr. Jeffry Brand, Chief, 
Anesthesia Service, Salem Hospital, 81 
Highland Avenue, Salem, MA 01970. 








CHIEF OF ANESTHESIA 

To head department serving 216-bed com- 
munity hospital in Baltimore. Board certi- 
fication required with administrative ex- 
perience preferred. Position includes active 
practice of anesthesiology and responsibil- 
ity for quality assurance standards and 
smooth operation of anesthesia services in 
a busy OR. Reply to Box DD22, % Anesthesia 
and Analgesia, 333 Cedar Street, New Ha- 
ven, CT 06510. 





PERMANENT POSITION WANTED 
CRNA—experienced, wishes busy situa- 


tion, solo or group, best of remuneration. 
1-800-521-6750. 








MDAS OR CRNAS: TRANS-AMERICAN 
ANESTHETISTS, WEST 

Temporary or Permanent MDAs, CRNAs, 
ready to serve you, up-to-date skills, co- 
operative, licensed, insured professionals 
caring about you. Call 1-800-762-1258, Box 
24432, Colorado Springs, CO 80918, or 303- 
598-2788 (CO). 





NEAR COLUMBUS, OHIO 

Anesthesiologist for FFS private practice in 
a modern, well-equipped, 225-bed com- 
munity hospital. Busy surgery schedule. 
Coverage from two other anesthesiologists. 
First year minimum guarantee of $120,000. 
Lovely area, major university nearby. Re- 
location and interview expenses paid. Re- 
ply to Box EE24, % Anesthesia and Analgesia, 
333 Cedar Street, New Haven, CT 06510. 














ANESTHESIOLOGIST 

Board certified or eligible to join a group of 
five Anesthesiologists and six Nurse Anes- 
thetists. 350-bed modern hospital in Fred- 
ericksburg, Virginia. One hour from Wash- 
ington, D.C. Reply to Dr. Robert A. Kravetz, 
2101 Fall Hill Avenue, Fredericksburg, VA 
22401. Or phone (703) 371-2786. 


ROCKY MTS./SOUTHWEST 

We have career and temporary positions 
available from solo to large group practice 
in the Rocky Mts. and Southwest. Expenses 
paid; partnerships usually available. Please 
contact Southwest Anesthesia Services, PO 
Box 5719, Santa Fe, NM 87501. (505) 983- 
7371. 
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